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PREFACE. 



The Author has written this " Seoind Part'' 
of the EcoxoMY op thp Eyjp$, in the same 
plain and circumstaatial mani^er which he 
adopted in ''the First Part^' as he has not 
heard any objection against it frpn^ any Ocu- 
list OT any Optician excepting One, who, 
when the Author requested his opinion pf it, 
said, 

O. " Why, Sir, I think that you have done 
exactly the contrary of what you ought to have 
done : — Why didn't you write in learned seientifical 
terms ?— Why, your Book will soon make all the 
World as -Wise about Spectacles and Opera- 
GldUcB ai& I am Myself !" 



VI PREFACE. 

The Protest of this eloquent Advocate for 

** The Pomp of learning and the Pride of words," 

did not discourage me from my purpose, 
which has never been the petty purpose 
of pleasing any Party, or any Profession ; — 
neither has Avarice nor Ambition ever 
tempted me to injure any party, any pro- 
fession, or any person. 

I have endeavoured -to write Impar- 
tially: — if I have taught the Public how 
to judge of the Powers which a perfect 
Instrument ought to possess, I have also 
stated the difficulties which the ManufaCr 
turers have to encounter before they can 
make it perfect. 

I love the good advice given to us by 
QuiNTiLiAN, and have done my best to 
*' write so perspicuously, that not only 
Every body may understand Me,, but that 
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« 

it shall be impcMssible for Any body not to 
understand Me." — Quint, lib. viii. 

I can say with the sage Seneca, ''I have 
Learned only to be able to Teach. — The 
most interesting discovery would have no 
charms for me, if I only was to be the repo- 
sitory of it" — ^therefore, I have adopted in 
this Book, the plan which I originally con- 
trived for " The Cook's Oracle," of assisting 
the Memory of the Reader by referring from 
one passage to another; without such Re- 
ferences, my Book, to have been equally 
clearly understandable by Persons who 
have not previously studied the subject, 
must have been at least twice as big; and 
instead of being, as it is, compressed into a 
single snug Duodecimo, could have hardly 
been contained in a couple of cumbersome 
Octavos. 

I have been regardless of what Time 
or what Expense it has cost me to pro- 
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ducfe my Works — and it is a most cheer- 
ing reflcQtion. to me, that the Confidence 
with which they have been received, has 
been commensmoate with the Care that I have 
takeo to compoi^e them. 

WM. KITCHINER. 
London, 182.5. 
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INTRODUCTION. 



None of the Elementary or Theoretical Works on 
Optica or Astroi]iomy*, which I have seen, contain 
any Directions for the application of various 
Magnifying Powers to Telescc^es of various con- 
structions ; cm: for their proportion to the size of the 
Instrument, and the nature and distance of the Ob- 
jects to be observed : — No Man naay pretend that he 
can jump into such Knowledge by Theorising^ — it 
can only be acquired Experimentally, by a person who 
has perfect Specimens of the various Instruments 
in his possession at the $ame time, and has been iu 
the Practice of employing them . 

'' Magno labore, multisque noctumi$ vigiliis/^ 

for the; especial purpose of ascertaining what Powers 

they possess,, ^tnd to what Objects they are applicable. 

" Optic^ Writers," says Jess^ JRmjp^enf^ " are 

* Except some Papers in the Philosophical •Ti:ansactJioii3, ^d 
a few others which I have quoted in this work, 

f See his Paper on Cassegranian Telescopes, page 419 of the 
CWi Vol. of the FMl. rrem^./ quoted in this work in the Chapter 

B 
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usually more Theoretical than PracticaF' — they hare 
been indeed ! almost in the ratio — ^that Something i» 
more than Nothing, or that the Authors, like shrewd 
Jesse Ramsden himBelf, have found it ^sier to amuse 
their Readers with Assertions, than they found it 
was to accumulate a series of accurately ascertained 
Facts, and to shew clearly, how Experiments may be 
easily made, by which Persons entirely unac.quainted 
therewith may prove the truth of them. 

To write, and to collect and arrange the informa- 
tion contained in this Volume (although it niay pos- 
sibly fall short of the expectations of the Reader)> 
has occupied a considerable portion of the Writer's 
time during a period of Thirty Years — and his In- 
struments for Experiments, have cost him more than 
Two Thousand Pounds, for his principal source of 
acquiring correct information, was to purchase the 
most perfect Instnmients, and try them 'with his own 
Eye, which gained its discriminating power only by 
slow degrees and by exteiisive experience. 

The Author does not regret, but rejoices that he 
has employed so much Time and Money in thm 
manner; the Pursuit Vas a Pleasure to hiln during 
the time he was engaged therein^ and now it is over, 
he enjoys the satisfaction of reflecting that while he 
has been hunting on a favourite Hobby, he has found 
some facts in the fields of Science which have' not 
been gathered by preceding Writers, — which will not 
only save Persons who may make Optics and Astro* 
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mmj, eitiier their Bosiness or Amusement, — much 
Tnnd^le^ much Time, and much Expense, but more- 
over, much straining of their Sight, to ho purpose 
but to prematurely impair it. 

The Author's Eye at his age of 47, is as much 
impaired by the extreme exertion it has been put to 
in the prosecution of this work, as an Eye which 
has been employed cmly in ordinary opcupationi^ 
osually fit at 60 Years of Age ! •^to cultivate a Uttle 
acquaintance with the particular and comparativQ 
Powers of Telescopes requires many extremely Eye- 
teasing Experiments. 

WhatevOT inexperienced Amateur Opticians may 
thiak of this declaration of the Cook's Oracle^ — 
'tis true. 

The Author respectfully assures the Reader thut 
these Lucubrations from his Garret ctre the result of 
Actual Experiments;-^ like those lately published 
bom his Kitchen^ they Are faithful statements of 
facts repeatedly proved. 

He has been very careful, in constructing every 
sentence of this work with words which would 
express his meaning clearly and correctly; — never-)- 
th^less, — as he wishes to give those who may do 
him the honour of perusing this Book, all the Informa- 
tion that he has accumulated, in the most convincing 
and most satisfactory manner; he has never been 
contented to oiTer his mere Assertion, whenever it 
has been in his power to produce Proofs from the 
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writings of Experienced Authors, notwithfitai^diiig 
he has been told that smne people may say he has 
done so merely to make his Book bigger — • 

^' Let Hercules himself do what he may, 
The Cat will mew, the Dog will have his day." 

He has endeavoured to convey as much information 
in as few words as he could without being in danger 
of being obscure, and to concentrate his work into 
as small a compass as possible — ^that it might be 
given to the PubUc for as small a sum, and thereby 
be as generally Useful as possible, — which the fulr 
ness of the following pages sufficiently testifies. 

The Author humbly and candidly confesses, that 
after 30 years' experience, there are many things 
about Telescopes which He cannot account for — 
and some which he has not met with any Optician 
who has explained to his satisfaction ; notwithstand- 
ing, the Reader may have heard a Would-be-thought 
Philosopher " say more in an Hour than he can 
stand to in a Year," who, upon whatever may be the 
topic of conversation at the moment-^— '* hath a Mint 
of Phrases in his Brain," and will talk you a torrent 
of technical terms, and incontinently unload his 
Imagination with such inconvenient volubiUty, that a 
bystander who has not studied the subject which 
one of these verbose declaimers may be pleased to 
discuss, cannot choose but suppose that such a 
sparkling speaker must have aptually seen, the 
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things wbkh he has— ^nerely supposed ; and in fact 
for his Account of which — ^he has been under much 
greater obligations to his Imagination, than he has 
been to his Memory. 

The Writer has heard some Gab-gifted children 
chatter upon these subjects^ as fast as a Wilderness 
of Monkeys do, when those fimny fellows fancy that 
the Nuts are beginning to ripen. 

** Words are like Leaves, where they do most abound 
Much Fruit or Sense beneath is seldom found.'' 

The Reader will meet with plenty of plausible 
persons who, although they hardly know the Eye- 
end from the Object-end of a Telescope, will try hard 
to make believe, that it is as easy to write a True 
Essay on Telescopes,— as it is to eat a Good bit of 
CiDod Bread and Butter when you have a Good 
Appetite. 

To be accurate, and to be easily understood even 
by those who have never studied the subject treated 
on in this Volume, has been the aim of the Author, 
who fears that his plain phrase will not be so savoury 
to some who fancy themselves and pass on others as 
prodigiously profound persons, merely, because they 
have crammed their Memory with, and amaze their 
Auditors by repeating a confounding crowd of cramp 
terms which are only intelligible to those who have 
been educated in 

" The pomp of Learning and the pride of Words." 

The Author's Prayer — has he&a, for the power to write 
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Truth in terms immediately convincing to All Per- 
sons of Common^sense who can ' -' • 

" Spell and Put together/' 

He has cautiously avoided discussing any point which 
he has not very delibetately considered, and in almost 
every instance has proved by repeated experiments-^ 
and he takes the liberty to humbly advise Young 
Gentlemen, who may amuse themselves with writing 
upon Scientific subjects, and Critics who pretend fe> 
comment on the Writings of others, of some of 
whom it is said truly enough, that they axe quite 
as admirable for their Wit, as they are estimable 
for their Veracity, — and that the Public would 
not respect them less, if they would sometimes con- 
descend to make sure by careful experiments that 
their assertions are True, — before they presume to 
print them and barbaroudy waste Paper in the pro- 
pagation of Error. ' 

During the time that the Author was writing this 
Book, he read with equal surprise and regret in a 
work on Optics, &c. published not long since, 
(among other erroneous opinions,) that Reflecting Te- 
lescopes are lighter* than Refractors, because more 
Light is reflected by Specula than is transmitted by 
Glass!! 

* When it is said that more Light is transmitted by an Achro* 
matic Object Glass, than is reflected by the Specula of a Reflect- 
ing Telescope — ^the Instruments being of equal aperture and the 
Magmfyiag powers being equal-^-^e Author does not mean th«t 
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Tliere would be' no difficulty in assembling too 
many specimens of equally unaccountable mistakes 
winch pretenders to Science have published at no 
very distant period — but the Author's object, is 
purely the estaUishment of Truth. 

It would greatly diminish Uie Pleasure which the 
Writer receives from giving the following pages to the 
Public, if he thought that they contained any remark 
which ought to be disagreeable to any Honest Man. 
' Whenever the cause of Truth has compelled him tp 
[NK>test against any opinion which has been promul** 
gated by a preceding writer — he has taken every 
pains to perform that part of his Duty, with as 
much Delicacy and Gentleness as possible. 

" Tis Excellent to have a Giant's Strength, but it 
is Tyrannous to use it like a Giant." 

** Who, for the poor Renown of being smart, 
Would plant a Stmgwithin a Brother's h^art?^ 

There is no subject, the Writings on which tHe 
Author has examined, in which he has found fewer 
Pacts, than that which he is about to endeavour to 
illustrate in the following pages — the Practical part 
of Optics is 

** Pu2zled with Mazes and perplexed with Errors," 

which those who have attempted to unravel and 
iUuminate by Theory unproved by Practice, have not 

the pencil of rays proceeding from the Achromatic Telescope is 
^ger than that ftom the Rcflector-^-but dtat it is brighter, and 
fioaseqnentlj makes a mere vivid impression on the £je.^^W. K^ 
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duninished — for instance, — as- 9e6n as Mb. DdL- 
toND had by many Years of arduous and patient 
application brought his Discovery of the Achro- 
tnatic Object Glass to such perfection :as. promised 
to reward him for it, that magnificent mechanical 
Philosopher, the Duke de Chaitlnes, riaved with 
the noble ardour of immediately pouncing upon our 
industrious and ingenious Optician's invention, 
(notwithstanding Mr. D. had obtained a Patent ta 
§ecure him some fruit f»om his labour,) and under- 
took to teach all the World how to make. Achro- 
matic Telescopes ! ! ! 

, This, most Noble Duke, persuaded Mr, DoIIoihI ^ 
let him have one of his best Object Glasses,, whicbi 
as soon as His Excellency received. His Grac6 had 
cut out of its cell, and the Curves and Densities; of 
the three Lenses composing it carefully measured 
and weighed ; vainly imagining — that once in pos- 
fiiission of such Hata — it would be as easy to make 
a Telescope, as it is to make a Tube. 

How far the Nobleman's project succeeded, may be 
guessed from the fact, — " that although the Object 
Glass, as adjusted by Dollond, was a beautiful one — : 
yet. that when the Duke re-adjusted it after he had 
separated it, although it was as good as ever to look 
at — it was good for nothing to look through \ ! ! 

So much was Theory at odds with Practice*, that 

* The Fractical Optician can employ his skill in producing suit- 
i^ble Specula for counteracting each other's errors with respect to 
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wken in possession of the component parts, the 
Parisian Sfiwam m fROsse could not even properly 
combine them. — Such disappointments, the late 
Mr. Peter DoUond informed me, have happened to 
several prodigiously sublime- Gemiuses. 

Many Prefects which appear plausible enough,-— 
aad pretty «iou^, — and perfect enough, upon 
ft^ier — cut but a monstrous Queer Figure when put 
to the proof by Practice. 

However crude, however imperfectly expressed, 
wmie of the following Observations may prove, — 
notwithstanduQg the Extreme Care which with un- 
feigned humiUty, I avow, I have bestowed in order 
to be Accurate and Intelligible — I hope, that my 
Reader will give me credit for having done my best, 

the unitttd effect of their sepante aberrations, better than the cal' 
culatmg Theorist can pretend to direct; for the moment he 
sd:ews his Eye-tube alternately out and in, beyond and short at 
distinct vision, he knows the nature of the curves of his i^>ecula> 
and whether the indistinctness arising £rom aberration is the consc* 
qoence of too much or too little curvature at the vertex of the 
large speculum, and can make the final alteration accordingly. 
Iliis practical dexterity arising out of experience, supersedes the 
necessity of tedious mathematical calculations, where some part 
of the data must necessarily be assumed ; and it is much to be 
wished, thatproc^ico/ men^ho have excelled in this particular and 
in other practical niceties, would initiate their successors in the 
secrets that promoted their excellence, that posterity may benefit 
from their successfiil labours. — Dr. Rees's New Cyclopadh, 4to. 
^'35. Art. Tdescc^s. 

b2 



10 I»TU0DUCTIO«r. 

to puthiipintocomplate posseasionof all the " Prae^ 
tical Facts" which I have been able to accumulate. 
But notwithstanding my Work is the result of many 
Experiments and much Thinking j I am very far from 
being satisfied with it, and beg that especially the 
chapter on Illuminating Power may be considered as 
submitted to the Reader rather as a relation of the 
Author's ideas and opinions on that subject, than aa 
a Collection of indisputably established Facta. 

Of the "Castles in the Air," which Tlieory has 
built at the expense of Truth, — ^there are none more 
numerous, none less substantial, thaii those which 
have been imagined by Amateur Opticians.— I have 
hot aimed at amusing su(^h Ingenious Persons with 
abstruse Algebraic calculations, — by which> if sotioe 
Writers have succeeded in exciting a few 

" Wits and Philosophers, Scholars and Conjurors,*' 

to admii'e their amazing erudition — it has be^ at 
the unwise expense, of .rendering their woiks en- 
tirely useless to the Public. 

The humble efforts of the Author, have been to 
give a plain unvarnished account of the actual results 
of his own experience. Let Truths Interesting to 
All, be told in Terms intelligible to AH. 

'* PRO BONO PUBLICO.^ 

It is universally lamented, that almost all Arts and 
Sciences are more or less encumbered with Vulgar 
Errors and prejudices, which Avarice tod Ignofanbe 
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bave Tiofortimatdy sufficient influence to preserve, 
by hdp (or hinderance) of undefinable^ and not sd* 
dom HtunteUigible, technical terats^ — An^e^, mck^ 
lMme^— whkh instead of enlightening the subject it 
is pretended they were invented to inuminate, serve 
,bat to shrond it in almost impenetrable obscurity^ 

The Prcrfeflsors €£ most Arts seem to be fond of 
keeping up the Mystery of them» and of preserving 
the accumulated prejudices of ages past undimi- 
nished,' — one might jEeiirly suppose that those who 
have had the courage and perseverance to penetrate 
tte vdil of Science, were delisted with placing dif<- 
ficulties in the way of thoise who may attempt to 
follow ihem, on purpose to deter them from the pur- 
«Bit, and that they could not bear that others should 
dimb the hill of Ejoowledge by a readier road than 
they did themsebeai. 

Such is Ftsprit du corps, that as theur predecessors 
supported themselves by serving out gradatim et 
itiUatm, and retailing with a sparing hand the in- 
fomiation they so hardly obtained, they think it con- 
venient to Mian their exam{de ; and willing to do as 
they.hftve been done by, leave the inheritance un- 
diminished to those who may succeed them. § 

From these most determined and formidable 
enemies/ the lovers of Optics aa^d of Astronomy have 
^ many mpediments to contend with as need be ; 
very many more than sufficient to suspend their 
Cmiosity on the subject. 
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The principal prejudice which: has confined die t(8€ 
of Telescopes, and the study of Astronomy, to the 
Observatories of the State and of a few opulent nidi<^ 
-viduals^is, the supposition that an immense apparatus, 
of unmanageable magnitude, not only costly to pur- 
chase, but difficult to procure, and troublesome to use, 
is indispensably necessary to discern what. has been 
described by various Astronomers. 

Neither such enormous Instruments, nor monstrous 
Magnifying Powers, are either made ;or used, except 
for mere curiosity, nor will they .ever be even men- 
tioned, for any other purpose in future — except to set 
the Million a wondering ! 

Most of the principal phenomena' of the Celestial 
Bodies are visible vnih. Glasses of moderate Dimen- 
sions ; — ^the rationale of Telescopes has this in com- 
mon with other things, that what is most worth 
learning, is easiest learned ; and is, like many other 
sciences, reduced to a few clear points: — there are 
not so many certain truths in this World, as some 
children imagine. 

Errors, and. Omissions, mil no -doubt be fbund^ 
and from enlightened Readers — vnR meet in- 
dulgence — They, — know, how unavoidably, — and 
how often, — such defects will escape the most perse- 
vering industry, and most unremitted attention. 

Those who are already well acquainted with the 
subject, which I have devoted many an hom to iflu- 
minate so plainly, that I hope All ma^ easily and 
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exactly understand^ may thkik I haye upon some 
things^ been tediously mbmte, — but if I had not 
ratten so circumstantially and so iully, I could not 
have enjoyed the main Gratification which I reccire 
from publishiiig my Book, — which is the Pleasure 
of hoping thai it will give an attentiye Reader in a 
tew Hours what the Writer has been collecting 
Many Years, 

** Content, if hence th' unleam'd their Wants maj yiew^ 
The learned reflect on what before they knew : 
Careless of Censure, nor too Fond of Fame ; 
Still pleased to praise, yet not afraid of blame ; 
Averse al&e to flatter or oflend ; 
Not free fioom femlts, nor yet too rain to mend.'' 

Pope. > 

In the course of my Optical pursuits, I have been 
in possession, and have .embraced every opportunity 
of ascertaining, experimentally, the peculiar powers 
of Telescopes of all kinds, and I may almost say of 
all sizes. 

Many of the 51 Instruments in the following 
last, were made at my particular desire, and without 
limiting the price, as Specimens of ^what Optical art 
could produce in Telescopes of various Dimensions 
and constructions; by Messrs. Bebge, Gary, Cuth- 

BERT, DbLLOND, PlERCE, RaMSDEN, ShUTTLE 
WORTH, TULLEY, WaTSON, &C. 

I have not affixed the Makers' names to the Seve- 
ral Instruments, because^ although I believe that 
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every care was taken to render them as perfect as 
possible — ^nevertheless dome of them have Imperfec-*- 
ii^is which I can spedc freely of when speaking 
e^erdy of the performance of the Instruments^ but 
which I could not do> if I spoke of them as the pro- 
diicttonQ of Persons to whom I am indebted for many 
of the facts herein stated. — ^The History of the Tele- 
scopes may be interesting in all Countries and in aU 
Ages, long after the Opticians and the Author have 
been totally eclipsed. 

I have earnestly endeavoured to write the Truth, 
unbiassed by prejudice or partiality to any particular 
system of Optics or Opticisms — to ensure, and to 
prove this, is another reason why I have not men- 
tioned either the Makers of, nor the Prices which I 
paid for 

THE TELESCOPES SMPLOYED IN THE EXIPERI- 
MENTS RELATED IN THIS WORK. 



No. 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 



Description. 



Achromatic. 



Length. 



Gregorian. 

Achromatic. 
Cassegranian. ) 
Achromatic. 
Newtonian. 
Gregorian; 



Toet Indtet 

1 



1 
1 

2 
3 

3 
7 



6 

7 ' 

6 

6 

10 





Aperture in 
Inches. 



M 

1-4 

4- 

7' 

m 

3- 
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No. 



11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
43 
49 
50 
51 



Descripdon. 



Achromatic. 



Gregorian. 
Achromatic. 



Gregorian. 
Achromatic. 



> I 



Gregorian. 
Achromatic. 



Newtonian. 
Achromatic, 



Gregorian. 
Achromatic. 



Gregorian, 

Herschellian. 

Gregorian. 

Achromatic. 



Length. 



Feet Jnehee 

1 
1 5 



2 

1 

3 
2 
3 

2 
2 



3 
5 
3 
3 
2 
2 



1 
5 
3 
3 
7 
2 
I 




1 
2 
3 
1 

7 
3 
3 



« 
7 
9 

10 
6 

10 



6 
6 
1 11 



10 
4 

10 
8 
6 
6 






10 
6 

6 
5 

10 



7 
6 
6 

4 


9 



Aperture in 
Inches. 



2- 
4- 

H 

7- 
2- 

3'* 

2ii 
2- 



1 6 




2f^ 



4- 

4' 
2- 

Q 3 



CHAPTER II. ; 

ACHROMATICS. 

Mr. Peter Dollond, the son of the Inventor, in- 
formed me that about the year 1760 He met with a 
pot of uncommonly fine pure Flint Glass : it is said 
that Crown Glass was also then to be had of much 
superior quality than has been made since the ces- 
sation of the glass-house at Ratcliffe. 

Messrs. Dollonds were fhta in the meridian 
of their age and experience, and equally indefatigable 
and ingenious in their endeavours to improve Optical 
Instruments. 

After numerous experiments, — they could not even 
then, with these confessedly excellent materials, 
produce Object-glasses of larger aperture than Three 
Inches and three-quarters: — such was then, when 
we are assured that it was much more plentiful than 
it is now, the extraordinary rarity of good Glass of a 
large diameter, and of the thickness required, — and 
the extreme difficulty of precisely ascertaining and 
working the figure of the curves with that accuracy 
which is necessary to completely correct the aberra- 
tion in large apertures. 

'' Though the curve of the Concave lensmsiy be so 
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proportioned as to aberrate exactly equal to the Con^ 
wn lenses, near the axis ; nevertheless, as the refrac- 
tiong of the Crown and the Flint glass are not eqnal; 
this equaUty of the aberrations cannot be continued to 
0^ great distance from the axis.^' — Mr. P. Dol- 
lond's Letter to Mr. Short : see Phil. Trans, for 
1765. 

Mr. P. Dollond waa the Father of Practical 
Optics — a(»^ording to the above assertion, the late 
pioductions (as it is said) of pure glass of more 
ihoji six inches in diameter will probably not be of 
mock use; from the impossibilty of producing with a 
iai^et'<aperture the due degree of Defining Power — 
without which, the only purpose they are applicable 
to, is for shewing the Milky Way and Nebula. 

Mr. P. DpUond did not extend the diameters of his 
Object<^busises beyond 3-^ inches ; except a few of 
Four inches aperture, of Six," Seven, and Ten feet 
focus, and the ten feet Achromatic which is now 
applied to the Transit Instrument at the Royal Obser- 
vatory at Greenwich, and has a Double object-glass 
of Five inches diameter, which, Mr. Peter Dollond 
told me, is the largest, and the only one of diat size 
which he ever made : — ^Two or Three 10 feet Achro- 
matics, of 5 inches aperture, have lately been made 
by Mr. G. Dollond, and One by Mr. Tulley. See his 
Letter in the Chapter on Illuminating Power. 

I have not seen through an Achromatic with au 
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Object Glass of larger aperture tiiai^t B^ inches dia^ 
meter, which has entirely satisfied my ^e, for ob* 
sfenring Double Stars^— the Diyisbn in Saturn** Ring, 
&c, and have seen very few pi that size— ^tiie defining 
power of which was quite sharp with the whole 
aperture. . . . 

N.B. Many Achromatics, which appear extern 
mUy to be of much larger diameter— ate contracted 
by a stop within the tube to ft much spoialler dia«- 
meter. (See Cautions to be obs^vied befone mea* 
taring Magnifiers, in the 16th Chapter of this worft.) 

It is to be lamented that so many circumstance 
must combine to the perfect fbnniition of Achro? 
matic* Telescopes. 

* ** When the Convex and Concave Lenses are both ground 
itnd polished, they require care in putting them properly into the 
Tube, so that they may have their jcommon axis eomciding with 
the axis of the Eye-glasses, in order that ^very part of thQ fi^ of 
view may he equally distinct and free from colour : and as there 
will always be some errors of workmanship^ and as both lenses^ 
but particularly the flint, may not be perfectly homogeneal, one of 
die lenses must be turned round in the common cell> tiU the faults 
of one lens are observed to correct those of &e other as much as 
possible ; whidi will be known when the vision is most ^tinct, 
or die object best defined, 

^' Should any Colour remain about the edges of the object^ the 
prismatic aberration is not corrected ; — and if indistinctness does 
not take place soon, and at equal distances from the point of dis- 
tinct vision, when the Eye-tube is moved in and out, the cor- 
rection for sj^erieal aberration is not perfect. 
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" In tHe first place, the focal di$tauEices, ag well aa 
the particular gurfaces/ must be very nicely propor-* 
tioaed to the densities, or refracting powers of the crown 
Mid flint glass, the dispersive power of which is very 
apt to vary in the same sort of Glass made at dif«* 
ferent times, and indeed not unfreq\iently in difiSsrent 
parts of the same piot of Glass — this want of homo- 
geofiity is universally complained of by Opticians. 

** Sec(mdly, the centres of the two glasses must be 
placed truly on the common axis of the Telescope, 
otherwise the desired effect will be in a great mea« 
sore destroyed. Add to this, that there are some- 
tknes six and always four surfaces to be wrought 
perfectly spherical ; and any person, but moderately 
practised in Optical operations, will allow that there 
must be Uie greatest accuracy tlirough the whole 
work.*' — ^Mr. J. Dollond's Experiments of the Re^ 
fran^bility of Idght. 

The difficulty of obtaining large Object-glasses 
induced them to make Binocular Telescopes. Mr. Au- 

'' A double Object-Glass is much more easily adjusted for a 
giood central position, and for the counteraction of opposite errors 
(j^'msekxa&eAxp and imperfiBction of glass, than a triple one, and 
has moreover more light, in consequence ot having but four r«» 
fiecting 9ur^u»s; but as it dbea not admit of any chaeges of the 
fiices of the final adjustment, the lenses require to be bothr truly 
calculated and nicely woiked, in -order to make the practice corre- 
spond with the theory," — ^Dr. Rees's New Cydop<Bdia, vol. 35. 
Art. Telescopes. 
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belt had one compoBed of two Five feet Acbiomatics, 
each having an aperture of three inches. 

Dr. Ihwin says, after a variety of ex{)eriments; 
that objects seen with both Eyes appear only one- 
thirteenth part brighter than when seen with only 
one eye. 

Mr. Georob Dollond has assured me, that 
obj^ts seen with both eyes at once, as with a 
Binocular Telescope, certainly appear not only 
brighter but larger, as 3 to 2^ though the Magnifyr 
ing power be the same. 

The following observations on Binocular Telescopes 
were given to me by Dr. Firhinger, who was 
many years Observer at the Royal Obswvatory. 

" When the Binocular Telescope is well adjusted 
by looking with each Eye separately through its re- 
spective Telescope, and adjusting each to distinct 
vision; then, if both Eyes be applied at once, the 
field of the telescope appears enlarged, and the 
Object viewed much brighter than when seen 
through either Telescope separately. 

*f It is difficult to estimate the comparative differ- 
ence of brightness in the appearance of an object 
when seen through this construction of Telescopes, 
when one Eye and one Telescope is appUed, and 
both Eyes at once. 

'* It has been generally admitted by those who 
have looked through a Binocular Telescope, that the 
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degree of limghtness with both tdiescopes is not 
twice so great as with either telescope separately. 
Some people have estimated the distinctness and 
brightness of an object seen through both telescopei^ 
at once, to be to the same when seen through either 
separately, as 3 to 2. 

" My obserrations go no farther than to hav6 
remarked, that when looking at a distant land object 
tihrough both Telescopes at once, the object appears 
Omch brighter and more distinct, than when viewed 
through either of the Telescopes separately/' 

The Author, having lost the sight of one Eye — is 
incapable of investigating this subject himself. 

The Forty^six inch Achromatic*, which established 
the fame of this kind of telescope, has a Treble Ob- 
ject-glass of 3^ inches aperture, and is composed of 
two Convex lenses of Crown glass with a Concave of 
white Hint between them. 

Before these were made, the Refracting Telescopes 
for Astronomical purposes, were of the unwieldy 
length of at least 36 feet ; and the long Aerial Tek-^ 
$cepe of H^YGENsf , which is now in the possession 
of the Royal Society, to whom Mr. Huygens be- 
queadied it in his last Will, is 123'feet focus. 

In a c<mvarsation I had with Mr. P. DoUondi a few 
years ago^ he informed me, that when the great Huy- 

*See an- Account of Ddlond's 46 inch, p. 54 of the Phil. Tram. 
for 1765, yoL Iv. 

t See Mr. Huygens*s circumstantial Description of his Aeiial 
Telescope, in the FMl. Trant. for 1684, in the 15th vol. p. 668. 
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genian glass of 123 feet focus^ 6 iiiches apelrture> and 
charged with a power of 218 times, was in the pos-^ 
sessipn of Mr. Cavendish, it was compared with <me of 
bis 46 inch treble object-glass Achromatics ; and th^ 
gentlemen who were present at the trial, said that th^ 
Dwarf was fairly a match for the Giant, — ^the trouble 
of managing which was tiresome indeed* 

HuYGENs called it an Atrial Tek$c6pe, (see 
Index,) from its being used without a tub^, by placing 
the object-glass on the end of a long pole, the top 
of a tree, or roof of a house. 

To those who know how important it is th^t the 
Eye-glass and Object-glass should be placed jwre-r 
cisely parallel to each other, it will be matter of 
nmch surprise, how any thing could be seen dkt 
tinctly with such Unmanageable machines. 

Dr. Derham, who had Huygens's Telescope soioe 
time in his possession, says it was excessively diffir 
cult to observe distinctly and accurately with it. 

The best account I have seen of the perfcmnancd 
of this glass, is in Dr. Derham's preface to his Astro* 
Theology^ which is written with more quiet Good 
sense, and the genuine, unaffected spirit . of Ttuth^ 
than any Astronomical Essay which I hare pe-t 
rused. — ^Vide the l^st number of The Guardian. 

Dr. D. observes in page 4 of his preface—" I dis* 
covered it to be an excellent Glass, which Dr. Hook- — 
and many of our best judges, took to be good for 
nothing." 
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The Mowing Table is an abridgment of the Pn>-» 
portions of Huyoens's Refractors, copied from 
Dr. Smith's Optics* 



DisL of focus 


Diameter of 


Magnifying 


Objeot^Iaas. 


Apeititra. 


Power. 


Feet. 


If%ch o$¥i Ddoinu 




3 


0.95 


34 


6 


1.23 


44 


10 


1.73 


63 


30 


3.00 


109 


40 


3.46 


120 


60 


3.87 


141 


100 


6.49 


200 


200 


• 7.75 


281 



By comparing this Table of the proportions of the 
old Refractors with the following Table of the Achro* 
fnatics, it wiU be seen that the Refractor of 60 feet 
did n6t bear a greater aperture than the Achromatic 
of 5 feet ybciw. ' 
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AC^KOMATICS. 



FOCAL LENGTHS 



APERTURES r— ILLUMINATING 



PORTABLE ACHROMATIC TELESCOPES MADE 

59 ST. PAUL'S CHURCH- 



Name they 
are usually 
called by. 


Focal 


Length. 


Length when 
in use. 


Diameter . of 
Aperture. 


lUuminating 
Power. 


Usual -Magni- 
fying Power 
for Land 
Objects. 


F«et Incket 

1 


Feet 




Inches 

9 


Feet Inches 

1 2 


Inch Tenihe 

11 


11 


16 


1 6 


1 


1 


1 7 


1-3 


16 


22 


2 


1 


8 


2 4 


1-6 


25 


25 


3 


2 


6 


2 4 


2- 


40 


35 


4 


3 


8 


4 4 


2-7 


72 


45 
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2 6 


2 6 




2- 

« 


40 


35 


3 6 


3 8 




2-7 


72 


45 


3 10 


3 10 




3-6 


128 

• 


. W 


5 


5 3 




3-8 


144 

• 


65 



The respective Powers and particular Uses ^f the 

N.B. The cause of the variation in the price of Telescopes of the same 

the Account of the three feet and a half 
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AND MAGNIFTIITG POWERS ANI> PEICB8, &C. OF THE 
BY G. DOLLOND, OPTICIAN TO HIS MAJESTY, 
YARD, LONDON. 



Magnifying Powfr 
fbrPIaneCi. 


Magnifying 
Power witn 
ttr. UtdUnef t 
Pancratic 


shut up. 


Wirfghtla 
Ounook 


PriM. 


30 




5 


6 


X. #. d, 

2 2 


40 


25 to 100 


7 


» 


3 3 


60 


30 to 120 


9 


16 


4 4 


80 


dOt<^120 


10 


30 


7 7 


130 


30 to 120 


1 2 


64 


13 13 



ASTRONOMICAL OBSERVATIONS. 



80 


, 50 to 200 


ThetengHiar 
this and the 
foltowii^Te- 
lescoperwfaen 
•hut up if 
a nw indiet 
moore than 
their fooi 
length. 




■ 


80, 130, 180 


100 to 400 






£21 to 84 


80, 130, 180 


leo to 400 






£100 to 200 


110,190,250 


150 to 600 




# 


Same price as the 
4&inch. 



above Telescopes are stated in the following pages. 

siie — is eiq)lained in the Aneodpte of th«^ " Humorous Uouer, 
Achromatic— in a few pages further on.. . 



^See 
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The astronomical Mr. Aubert^ gave an unqaali*» 
fied preference, to the 46 inch, (which has three 
object-glasses of three inches and three-quarters 
aperture,) to all other Telescopes : and his liberal 
mind, and constant attention to these subjects, (he 
had no less than 36 Telescopes) gave him oppor- 
tunities of gaining accurate information. 

The 46 inch Achromatic, with a triple Object-glass 
of 3| aperture, was also Dr. Maskelyne's favourite 
instrument, and that which he made most use of, 
and he had a small room in the Royal Observatory''^ 
fitted up on purpose for this telescope. 

At the Sale of Mr. Aubert's Astronomical In- 
struments, which were sold by Mr. Sotheby, July 
24, 1806, 1 purchased the celebrated Achromatic of 
46 focus, with a triple object-glass of three inches 
and three-quarters aperture, (as it is usually called, 
but which, in truth, is 3^^ inches in diameter) which 
was originally fitted up by Mr. Ramsden for the 
Honourable Topham Beauclerc, and Mr. RamsderCs 
name is engraven on the eye-end of the telescope : 
but Mr. Peter Dollond informed me that he made 
the Object-glass, and, smiling at the time he gave 
me this information, said, " Yes, that Object-glass 
is one of the things which is to make me immortal ;" 
and appeared pleased with the permission I gave 

• -Vide Evans's Juvemle Touristy which contains a very com- 
plete account of the Greenwich Observatory. 
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him to engrave his title to it on the tube of the 
Telescope. 

To have compoeed such a perfect piece of art^ is so 
honourable to an artist^ that^ to avoid all appearance 
of partiality or prejudice to either of these eminent 
Opticiens^- — ^I distinguish it, by the name of the per- 
son it was made for, *' Beauclbrc." 

This Telescope is, indeed, one of those perfect 
Ingtruments which are rarely {uroduced, and only 
attainaUe, by a happy concurr^ice of the various cir* 
comstances which combine to form these compound 
Object-glasses. 

For exquisite perfection, we are, in all mechanical 
matters, almost as much indebted to accident as 
to art : — for instance, a Watchmaker makes a dozen 
Chranamettrs, and bestows an equal degree of atten- 
timi to the fimsfaing of each of them ; so much so, 
that he has reason to hope they will all perfcNrm 
equally well : however, when put to the trial, he 
conmionly finds, that of the dozen, perhaps four, in 
spite of all his care and pains, will turn out but in- 
different Watches; six of them good; and the 
remaining two extremely fine, fit '* to correct old 
Time, and regulate the Sun:" but why they act 
with such superior accuracy, he cannot imagine. — 
In every department of art it is the same, and the 
Acmi of perfection^ is always accidental, and npt 
to be attained with undeviating certainty by any 
mles 
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I hay^ giy^ ikis particular aeconnt of the per^ 
formance of my 46 inch treble object-gla^a,— bfr 
cause— ^heselhstmmenta aoreiBiaw extremely rare to 
he xoet with, aa they are much lilaBerdifficisdt taBObake 
than Dombie Olject'-glasseBy fifoni baying Tlipree 
lensea/ and the difficulty, of adji:^8ting them exactly. 

There is a Vulgar. Evwr, idiiok haa pretty gene^ 
rally obtained, that Tneik Olff£c^ltue£s, transmit 
pduch less light thaifi Doui/e .02K5« 

If Theory be true. Treble object-glasses must gi^e 
more distinct and vaxde Aduromatic lidsuia than 
Double ones, inasmuch as the abecra^ion arising 
from the spherical "figunr pf the glasses, can be more 
perfecUy corrected, by the lefiraetioli of the^ f^eowa 
glass (in which the 'e3Qee«s.^i^)b6i]ig divided, by^ 
havijig two lenses of erown glasa instead^ of jone. 

According to Optical Theory,^ 7ir^e objeet-gkism 
9hould give ^ more diiKtinct And a ranall w image of a 
§tai; than Ttro^— and of DauBLs Sttars., i^eirs^^-^ 
rei\t dista]i;iees from eaoh other toe increased in pro^ 
portion ^ their appar^t diiameters are diminished. - 

The difl^culty of obtaining good Glassof Sftinchefi^ 
in dijBj9aeter, and of m^tking these 46 inch l^escopes^ 
jbra price ifrhich would suit: the g.en€i;a} ideouind, in«- 
duoM the* Makeia to ii^troduoe tho^ pqssent d| tele* 
scopes, with a i>ouble Objeot^lasS' of>^ in dkn* 
V^er, which, answer loany oi the- gei^ew^ purposes 
of common 6bser¥^-7cand for the mitoti<^ of Astro^ 
nomy they increased the length of the 46 inch ii^ Q3i 
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ifidieft^ enlarge ita aperture twotenlhs of an inch — 
and made the Ol3^ec4t^ass Double — and the 5 feet, 
a& drajr* are tennsd, are certainly considerably more 
ipomssffcd, though, not qiiite ao. conrrenieni as the 46 

Bxdu (See tine Ghaptar on Saium,) 

. M 86on Mr it be(»me the fashion not to make 

4 

TreblewOb)«^te^laB8e& of ^| Bperturo, it was the 
fitsMon to aay, tiiat a Double Object-^ass of Two 
iiffih^ and jBireesiutUrt»» aplartute, would p^rfcurm 
limost as' ^jtueh a$ a TreUe one of Tlivee it^jhes and 
three-quarters. .. , 1. . 

However, the fact is, a fine Treble object-glass of 
three inches and three-quarters aperture, is almost as 
much lighter than a Double one of two and three- 
quarters, — ^as that is than one of two inches. — See 
Table of Illuminating Power, i. e. the 6th column in 
the Table of Powers, &c., of Achromatic Telescopes, 
at page 24. 

I had, a few years since in my possession^ a port- 
able telescope in a sliding Tube, which Mr. Rams- 
den made for the Honourable Stewart M^Kenzie, of 
twenty-seven inches focus, with a treble object-glass 
of two inches and one-quarter clear aperture. I 
found this singularly superior to any double object- 
glass of that diameter that has come within ihe focus 
of my observations : i, e. I have seen minute celes- 
tial objects more easily and distinctly with it. 

As it may be interesting to some to know with 
Sov) small an aperture and power the faint and close 



30 ACHROMATICS. 

Double Stars have been discerned, I have trans-^ 
mitted^ fcom my Journal^ some of the observations I 
made with this httle Telescope for that purpose. — 
(See the Observations on Rigel in the Chapter on 
Double Stars.) Indeed I never remember to have 
seen this difficult object, easier than with this little 
Glass. — (See Observations on Rigel, in Index.) 

For Tests of the Goodness of Achromatic Tele-' 
scopes, read the Chapters on " Double Stars/' on 

Saturn/' and " Magnifying Powers/' and on 

Choosing Telescopes." 






CHAPTER III. 

SPYIN6-6LASSES — POKTABLB ACHKOMATIC tE* 
LESCOPBS FOB SEA AND LAND, AND NIGHT- 
GLASSES. 

The smallest Telescopical Instnumnt which I have 
seen, that is actually us^ul, is 

" THE INVISIBLE OPERA-GLASS/* 

this is a great acquisition to Travellers, especially to 
Short^ghted Persons and Artists, &c., who wish to 
discern the distinct outline of objects at short inac- 
cessible distances ; t. e. for an Architect to see the 
exact outline of a Building a quarter of a mile off — 
or to examine the pointing, 8ic. of the walls of upper 
stories, &c. 

When shut up in its case, this little glass is only 
2 inches in length ; — when in use, not more than 3 
inches : — it has a single plano-convex Object-glass 
•^of an inch in diameter, its Magnifying power is 
aI)out 3 times, and it is sold for 125. 

For Distant Objects, extremely Short-sighted Per- 
8(xi8 require A Small Opera-Glass ; which having an 
adjustable focus, if it only magnifies Twice, will be 
infinitely better than any single Concave, because it 
&xi be exactly adapted to various distances. (See 
"Economy of ths Eyes," p. 103.) 
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The next Optical instrument of this kind is the 

SMALLEST SIZED PERSPECTIVE. 

This is made with an Achromatic Object-glass of 
J of an inch in diameter, with a Single Eye-glass, 
which m^es it magnify about fiye times : — a Double 
Eye-head is also fitted to this Perspective, which 
gives it a lower and a higher power — and it may like- 
fwiae have a de^ concave fitted to it, whidi will 
make it magnify enough tO shew two of the Mmxm 
of Jupiter. 

There is a second and third size Perspective, but 
the ^second is very httle superior to the smallest -* 
and the Laj^est is infmor ta the portable One Foot 

Ttk^c^, ssd flot much Bhorter, though much 

heavier. ., . 

A good .Aohromatip ..Opera-glasi, that.mago^es 
four tim^ is a very pleAa^ant pix>spect Glass, 

For a particular Account of the Construction and 
Powers of opbba ol^sbes and 8EECTA,cjiES, see 
the First Part of " THE ECONOMY op tHE eyb«,*' 
where the subject is minutely and plaii^ly illustrated 
for those who have ney&t made Opticas their study. 

PORTABLE ACHROMATIC DAY TELESCOPES IN 

SLIDING TUBES. 

The f^lhwing instrument$ should all be made with 
. PolyCRATIC sliding Eye^tubes, tufhich will taiy the 
I fmgmfyk^fower. — S^ee POL YCR4 tic in thelndet^ 

The smallest &ize H the one J?bof .^^For a deserip* 
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tida of Apertura, Pow^r, and Price of ^ich, see the 
lUile d£ AchTOitiitics« 

THE 18 INCH 

ia a more ^oiretf ul It»sJtniteeiit> hf appl^ng %o it a 
pdwer of 40, 3roti will se^ tbe SatellitdB and Belts 6f 
J^^ii^*-^^d titse Ring of Satnrn — ^he Fdnct^e 
S^e-^Mke tiiiy be ^pKed to thii Tdescb^, atid ^v^ 
annfe of m^gftifyifig po^F, fdf Day-^bjeits and 
Aitmeoii^i Jh)m i^ to 100 times | wHh the latter 
several Double Stars are visible. (%e^ Ckapt^r oh 
Double Stars.) 

THE 2 FERT , , . . 

islMffl mote iruperior to the 18 Imik, than that id to 
the One I^ooti, both for Ten^sbial and Celesti^ pur^ 
^eli^ miA. thid ^telescope the Celes^l object inen« 
^tied l^ve afe easily vidiblo ; aivd for ordkia^. use, 
tts^t Objects ^ sd&^t IAS tvdl 6een with it as With 
a larger glass — unless thel^^if be u^^ a dta&d; ^M. 
the air be extremely clear.- — Such is the impediment 
of the Atmosphere of this Cotoltty, that, at a greater 
distant than three'iEdles^ yoii can burdly. tdyi a gobd 
Tebscope fir6m a. bed one*; unless the air be t^u&tially 
tiieknspajrentit^ThiB is the largieilt telescdpef that can 
Ik listed iNrftbont a ^tsuid md an^ ai^uating) tei^w :"-:- 
^Rhiiih; apf etdages^ «ite i»d«eqf>en(ilaUe.ifi ^U glasses 
that magnify more than Twenty-five times. Mr^PtU^ 
of Fetter Lane, made me an adjusting screw for a 

c2 
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sUdiag Telescope — ^with Teeth and PiaiiHi — separate 
from the telescope, and introduced between the first 
and second sliding Tubes ^ this must be done very 
carefully, so as not to interfere with the centering of 
the Eye-tube and the Object-^ss. .(See Obsebv Ar 
TioNs on Portable Stands, in the Chapter on 
Magnifying Powers, and on Adjusting 
Screws, in the Chapter on " How to set on 
adjust telescopes.") The magnifying power 
usually put to this Glass is stated in the preceding 
Table of Achromatics. 

THE 3 FEET 

is a still more powerful Glass, but its weight and 
length raider it inconvenient to carry, and it c^tnnot 
well be used without a Stand and an Adjusting Screw. 
See the Account of the 2) feet Achromatic, in the 
Chapter on Magnifying Power. The 2 J feet, or 30 
inch, is in fact the same Object-glass that is put to 
this 3 fi^t in a sliding Tube. 

THE 4 FEET : 

The Observations on the last Telescopes apply with 
double force to this — it is usdess without a stand 
and an Adjusting Screw. See the account of the 
dj^feet Achromatic — 'which has the same Object^lass 
in a single Tube that is put into the 4 feet sliding 
Tubes* 
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TELESCOPES TO BE USED AT SEA. 

Nothing has contributed more to the success of 
navigation, the knowledge of distant parts, and the 
ease and certainty of finding again the - Island, or 
Place bef(»« discovered, than the Optical and Ma- 
thematical Sciences. The improvements made in 
the various instruments appertaining to each, have 
produced a great facility in bringing nearer to a state 
of perfection, the pursuits of every adventurer in 
search of Knowledge. 

The Tdescope is an instrument that afibrds plea- 
sure and profit, and has often proved the means of 
safety either from the dangerous effects of a storm, 
or an enemy's ship in sight. So that now it is be- 
c(»ne a matter indkpensable for every Vessel to have 
one or more tdescopes; and every officer is careful 
to be in possession of a good Glass. Telescopes 
for the Sea service are made of different dimen- 
sions, according to the purposes for which they 
are applied. 

The Telescope in ordinary use is of Two feet focal 
length, with a magnifying power of about 24 times, 
and die diameter of the Object-glass, which is treble, 
is l^ inch. This is by seamen denominated a Deck 
XHass, a Look-out, or a Mast-head glass; and is 
scarcely ever .out of the officer's hand : the size and 
diortness of it enabling a Midshipman to secure it 
under his jacket, and take it aloft with safety. I have 
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been informed that the appointment of the late Sir 
Home P&pham to go out oti a Oniise and Station 
for three ye^urs^ in the West Indie^^ authorised hua to 
take tmd6t hi6 4^re forty or fifty Y6uths^ to ilustniet 
them in the pmtice aiid liianceUyre^ of «zsutscal 
8cience> who hc^d previously received a suitaUe eda** 
cation fbr it I Sir H» ordered . that each of th^m 
(should W fo^rmahed with a Hadley's Quadrant^ a 
Cade of Matiieax^atical drawilig iustrume&ts, and a 
best-made Two feet Telescope. 

A complete Case of Sea Telescopes consists erf* 
the larg^t ^n^, Three feet> with an.Odbject-^d^s of 2^ 
inches diametel^> having a spare eye->>tube^ to faeoecK^ 
skrtialiy inserted in the Eye-^drawer, Jor Hazy weath^v 
The Magnifying powers a^re 20 and 28 timns^ luid the 
price «even guineas : ako> a Thi^ fe^ Telescope of 
it^e usual ^ze> with an Olijeet^^uss of 2. indies dia^^ 
metei^ and Magnifying 25 times ^ price five guinieas^ 
A b^ Twi^ feet Telescope^ magnifying 24; price 
threte guineas. A Night or Bay Telescope^ bujb this 
may be more properly teimed a Hazy-weatherglass ; 
it has a very wide field ^f view^ with a xiliagni^ng 
^wet not more than. 15 timesj which is foond yerf 
m^tvl whenevei: tb^ Haae^ orobs^urity^ preVentis the 
ude of hx^ TetB»eop«»| piice ftwar guineau^. . 

A^iQUT*GhAmt t^ede made y^Hih a single peev^x 
letisW three -inebeey or l3iree iiiiche^ and a half diai*- 
4n0t^, have been found em^ettfly ^setvioeable ; fcnr 
though die Object id lihewa iuvertedy yet witb a 
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little practice it may be kept in view throughout the 
night; the price is thr^e guineas. 
i A Tele&cofie with sliding tubes, of 18 faidies <bcal 
l^ngdv iiic^glcufying^about 24, in a fidh^dsia t^%^ shut^ 
ikag mp to the length of sevrai inches — prt«» two 
gwiaak and a half. 

A Mtthoguiy ease to contain the abo^HOMnticmed 
Telescopes, neatly packed, with lock and key, id 
charged ime pound ^ghteto shfflings; the whole 
costs £317. \2s. QtL 

A Tde^cope of 4 feet focal length, with an Ob^ 
ject^glass of 2| (Mr 3 inches dkmeter, hatitig tiires 
differ^it Eye-ttibea, and magnifying thirty, fifty^ and 
e%hty tim^, for the purpose of imwing eetipses of 
^ SttteUiles of Jupiti^ \ can seldoui be used widi 
advantidtge at Sea^ lis it r^uires a &rm stand for the 
giass^ and a steady position fcnr the observer; both 
of \idiidi are ^rerehted by the continual motion of 
ibe Vessel ; yet such are of peculiar seiyice when the 
e&ject is very far distant^ and the intfeireiiing 
medium sufficiency dear.— ^ The priv^ is ftoiin twelve 
to eighteen gmneasw These are thbi principal T%te^ 
teepes used at sea, besides whidi there and some 
inferior, fitted up. with Octagon mahogany tubes; 
having only low powers. These gene3r^y are put 
isto the hands of young pdlors, wfao> when they have 
learned how to use, and take care Of theirtetissc^pes^ 
may hate another store vaftuabte entrust^ to'thtfia. 
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THE NIGHT-GLASS 

derives its title froipa being useful on boajrd a Ship on 
clear Nights, for the purpose, as the Sailors term it, 
of sweeping the horizon, and thereby discovering a 
ship at sea, or object on the shore, when a Tedesoope 
of a different constructicm would not enable them 
to do so. 

The Nigl^t-glass most generally in use, is con* 
structed with three glasses — a single ol]gect-glass, 
and two eye-glasses, and not achromatic, nor is it 
essential that it should be, as the coloured rays are 
not perceptible with so weak a li^it, and as there 
is a less thickn^s of ^ss for the r^ys of light 
to pass through, the object becomes more visible. — 
The eye-glasses are of large diameters, for the 
purpose of giving a large field of view, and the 
magnifying power just of sufficient strength to 
render the object distinguishable. — The object is in- 
verted, but to those sailors who have acquired, by 
practice, the use of this Telescope so as to enable 
them to follow Ihe object, the arrangement is of no 
importance. The Telescopes a^e made of different 
.dimensions, Ihe smallest being I foot 3 inches in 
length, and 2 inches in diameter. 

The Second, or general size is 2 feet in lengdi, and 
3 inches in .diameter. 

. The Third size is 2 feet 6 indies in length, and 4 
inches in diameter : the largest size is by most people 
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considered the best^ as it has a much larger field of 
view, and a greater quantity of light — their pcicesy 
differing according to their size. — There is also 
another Night-glass, called the erect Achromatic, 
which differs from the other in as much, that i( 
shews the object in its proper position and free from 
colour, which renders it useful in the day-time ; the 
field of view and magnifying power being the same as 
the Second size before described, this has been much 
approved by those sailors who have not the firt of 
using the inverting Night-glasses. — Night-glasses 
have also been used by Astronomers for the purpose of 
discovering any novelties among the different arrange- 
ments of the Celestial bodies, and by those whose 
sight will not permit them to distinguish the arranger 
ment of the stars without optical assistance. Night- 
glasses miist be adjusted and marked for different 
distances in the Day-time ; it is very difficult, indeed 
it is almost impossible, to get the exact focus, imless 
on a bright Moonlight night. 



CHAPTER IV. 

THE THREE AND A HALF FEET AND THE FIVE 
FEET ACHROMATIC TELESCOPES. 

The smcdlest Achromatic that can be used fo^ Astro- 
nomical purposes, without overmuch teasing of youi 
Eye, is the 3i feet, which are nov\r usually made with 
Two 6bje(it-glasses of 2^ inches in diameter. With 
this Telescop^ many of the principal celestial pheno- 
mena may be perceived : -^ for 1 would make a dis- 
tinction between " Seeing*^ had " Petceroifig^-^I use 
the foiiner term when an object is SeSn plainly, and 
the latter when It is only scarcely Perceivable. 

Some objects which are easily and perfecdy visible 
in u 6 feet Achromatic, with an aperture of 3^^^, are 
hardly perceivable with a 31 feet, which h^s an 
aperture of only 2-^ — ^the Iltuminating power Of the 
former exceeding that of the latter as 144 does 72. — 
See the fifth column of the Table of Achromatics, at 
page 24, and the Chapter on Illuminating Power : — 
others, which do not require much Illuminating power, 
may Be seen as well with the latter as with the larger 
Telescope. 

THE three and A HALF FEET. 

The usual Day Eye-tube of this Telescope gives it 
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a Mi^aifyintg p6war of about 45 times — ^wit& tfaiB 
Im powBT the field of view is large> and the irision is 
-very brilliaDt-^ scud ftom t^e vivid inrpressioa which 
objects make t^xm i3ke Eye, peoj^e say that it is 
very cteiur> laid those who are unacquainted with the 
l^tire ei^ets of viarions magnifiers, are in gentod 
betUr pleased with such a low power than tnth a 
idgfaer power— the advantage of which is not at first 
so striking — untii; appfied to tiie attentive exatniaa^ 
tiqn of some mknite object/ when thd advantage of ^ 
due degree of Magnifying Power becomes evideilt^-i- 
and' ibe Day^ Eye-tube usually put to a 2|f feet 
AcbToiiatk;> which^ makes a 3^ feet magnify abiout 
60 times^ will be found fiur superi(Mr«\ 

A Paner&tic JEg^^4ub€ is made for this Telescope; 
ndiieh produces in a very perfect manner alUhe'inter*- 
inediute degrees of Magnifymg pONver between 60 
and S40, for either Terrestrial or Celestial purposes.^ 
See the Chapter on the Pancratie Eye-tubei 

The Magnifiers usuaUy put to this Instrument for 
Astron(»ny, are 80> 180, and 180. To these I would 
recoomiend the addition of 

A Comet Eye-piece, magnifying about 15 tim^, 

A Moon Eye-piece of 40, 

A Compound Eye-tube of 260^ for Double Stars, &e^ 
and a Polycratic Wheel containing 6 Convex lenses, 
magnifying 80, ISO, IBO, 250, 350, 440.— These par^ 
ticular powers are recomm^ided to give an opportunity 
of comparing the Single lenses with the Bye^tubes 
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^hich contain 2 glasses. Those who are anxious to 
fiee the e£fect of higher Magnifiers^ may have another 
Circle, magnifying 5, 6, 7, 8, 900, and 1000 times — 
but there is No Object that will be seen so well with 
them as with the power of 250 or at most 350. 

Obs. If you wish to hare an Object-glass that 
will bear a high power — ^ask no questions about the 
JPrice of any Instrument which you are at all anxious 
about the quality of,— consider yourself forttinate 
if you obtain it. This Advice applies still stronger 
to the 6 feet Telescope, 

J would hope that the preceding obserration is 
jquite superfluous, had I not, in the course of my re- 
sidence of nearly half a century on this Planet, seen 
so many instances of People being so extravagantly 
fond of Bargains— and did I not still remember the 
anecdote of the ** Humorous Hosier/' — who caught 
crowds of Customers, by placing in his window the 
following placard — 

" The Cheapest and Best Stockings sold here." 
This brought flocks of Bargain-hunters to his 
Counter — " Let us see some of your Cheapest and 
Best Stockings ?" 

Hos. ** There is a pair of each, these, are a 
Shilling' — those are a Guinea a pair." 

The Writer respectfully assures the Reader, that 
tho Quality of Telescopes yarieQ in quite as many 
degrees as that of Stockings. 
, R$ad the Chapter on Magnifying powers and Eye^ 
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pieces. For Tests of the goodness of Achromatic 
Telescopes — see Obs. in the Chapter oti ** Magnify* 
ing Power, ^^ and on *' Choosing Telescopes*^ — on 
" Saturn** — and Mr. Wm. Walker's Letter in 
the Chapter on '* Double Stars.*' 

In the Table at the End of the Chapter on Illumi- 
nating Power^ the Reader will find that a Reflector 
to be as light as the 3| Achromatic above described^ 
mast hare an Aperture of 4} inches in diameter. 

MB. BOLLOND'S description OF THE FIVE FEET 
AND THE THREE AND A HALF FEET ACHROMA- 
TIC REFRACTING TELESCOPE^ MADE BY UIM. 

*' The Telescope is supported in the centre of gravity; 
with its rack-vrork motions, and mounted on its ma-^ 
lK)gany stand, the three legs of which are made to 
dose up togedier by means of a brass frame, which 
is composed of three bars, connected together in the 
centre by three joints, and also to the three legs of 
the mahogany stand by three other joints, so that the 
three bars of this firame lie dose against the insides 
of the legs of the mahogany stand when they are 
pressed togetheir, for convenience of carriage. 

'* The brass pin, under the rack-work, is made to 
move round in the brass socket, and may be ti^t- 
ened by means of a finger-screw, when the Tele- 
scope is directed nearly to the object intended to be 
observed. This socket turns on two centres, by 
which means it may be set perpendicular to the 
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horizon/ o^ to any angle requited ih respect to tke 
horizon \ the angle m^y be ^scertaiaied by ^he dtvided 
ftrch> and then msule fstst by the sorew^ If t^i 
socket be set to the latittide of the plac^ at ^^diich 
the Telescope is used, and the plan6 o£ thii arbh life 
tumedoQ the top of the mdliogany dtand, so^a to be 
in the plane of the iherixHan^ tii^ socket beitig fiidei 
tb.thekidination of the pole p£ tio^ earthy t^Ttsl^-* 
scope, y^hen turned m thk sbckety will have, an b^^piB^ 
torial motion, which is always very convenient; in 
making astronomical observations. 

^^ It has also a stand to be used on a table, which 
may be more convehient for many situations than the 
ittfge mUhogany stand* ThB Telescope, with its 
Fftck-'Woik, may be applied to eiUier of th^ two^ 
etaaidfi, as occasion may require, ibk stickets on the 
fop of both being made exactly of the skine vaA^ 
The sliding rods maybe applied to the. feet of: the 
lirass 4tand, so that the Telescope may biei usfed is^Fxtb 
the ftaihe advantages on <me as 6il tfa^ other. 

" The tube may be ijoade rither of briss or maho-' 
gaiiy, is three and a haif feet ^kmg. Hie achrcmiktic 
object-glass of three and a half feet £:>cal distance 
has an aperture of two inches and threeKjuairters. " 
' ^' The lai^er fiize ia with a tube five feet long, and. 
has an dJchnHhatic ol^eet^^ass of three inches .and 
three-quartets iaperture* . 

*'.The I>ay eye-tube contain^ four ^ye-glisses^ to 
ht used. for d^y^ or any land objects. . . 
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. ^' Tbope are t])uree eye-tubes^ which havfe ivm 
^baesiiB each, ta he used for astroxiDmical purposes; 
Uiese" ^ye^ttthes aU screw into the short brass tube 
at iksi Eye^nd ef the Telescope. By turning the 
\mUtom er milled head, Uiis tube is moTcd oat of the' 
hxg^/ so aft to adjust the eyeglasses to the proper 
distaace from the object'rgkss, to render the object 
diatioct to any sight with any of the different eye^ 
tubes. • . 

''The magi^ifyifig po^nEer of the Three and Half 
Fee( T^escope with the eye^tnbe for land objects is 
45 tune6> aod of the Five Feet, lor land plyects, 66 
tko^.: wiih ijuose fdr adtrohomicd purposes, with 
&6 Thcee and Half Feet, the magnifying powers asQ 
80, 130, and 186; and for the Five Feet, 110, 190^ 
and 260 times. .' 

'' Slpiined glasses, are applied to all the difibrent 
^e^tHb^ tO/ giiard the eye in observing the -spots 
oa tke Sm. Th^ glassesr are ta be taken o& wheir 
tbe ^e-tabes ajra nssd ^r other purposes. 

'' The mck^woffk is intended to move the Telescope 
ia any dkecl?^ lequired, and is worked hy meaim of 
the two haiidles. When the direction of the tube is 
lfi({ulDed to be Qonsi^erably altered, the woran screws, 
vlJelMK^tBgainsA die; ai^h and the circle, must be dis-» 
diaiged; thea l^e screw, being loosened, the pin 
of i^ raisk-work win move easily round in the 
socket. ' ; ' -^ 

" For the more readily finding or directing the Tele- 
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scope to any object, particularly astroncmiioal o1:]jects, 
there is a small tube or telescope, called the Finder, 
fixed near the eye-end of the large Tdescope. At 
the focus of the object-glass of this finder there are 
two wii'es, which intersect each other in the axis of 
the tube, and as the magnifying power is only about 
six times, the real field of view is very large ; there- 
fore any object will be readily found within it> which 
being brought to the intersection of the wires, it will 
then be within the field of the Telescope. 

" In viewing astronomical objects (and particularly 
when the greatest magnifying powers are applied), it 
is very necessary to render the Telescope as steady as 
possible ; for that purpose there are two sets of brass 
gliding rod$. These rods connect the eye-end of the 
Telescope with two of the legs of the stand, by 
which any vibrations of the tube, that might be 
occasioned by the motion of the air or otherwise, 
will be prevented, and the Telescope rendered suffi- 
ciently steady for using the greatest powers. These 
sliding rods move within one another with so much 
ease as to admit of the rack-work being used in the 
same manner as if they were not applied.'^ 

N.B. The above is a description of the Stand 
usually put to these Telescopes; there is a superior 
Equatorial Stand invented by the present Mr. Dd- 
lond, which is a very beautiful and steady piece of 
workmanship. — ^W. K. 
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MAGNIFYING POWERS OF MY FIVE FEET ACHRO- 
MATIC TELESCOPE, THE DOUBLE OBJECT-OLASS 
3^ DIAMETER, AND 63 INCHES FOCUS, MADE 
BY THE LATE MR. PETER DOLLONP. 

Longest Day Eye-tube .... 60 
Shortest, the Day Eye-tube usually 

put to a 2| feet Achromatic 90 

Pancratic from 130 to 600 



MAGNIFIERS FOR ASTRONOMY. 
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-Hie Compouijd Eyei:tube» intli^ &m% opkxmn M 
wkich « Star is attached, nrje tbjosc usually giyen 
with a 5 feet AcbroTOatic 

By taking away the 2d Gtes and using the 
1st only, you will have the powers giveu in t^e 2d 
Column, or nearly so — -for the proportions of ^e 
Glasses iu these compound Eye-tubes are not always 
ex^tly alike. 

By taking out the first Eye-glass, and using the 
second alone, you will obtain the powers put down 
in the 3^d Column. 

The time a Star is passing thefieM, in these Eye- 
pieces, which is giveu in the 1st Column, uiay i^ot 
exactly accord wMi the Eye-pi^es, of other Tele- 
licopes, as. it depesnls partly on the Stop in the Eye- 
tube — with my Bye-^tube, which magnifies 250, it 
p^ssjed in 28 Seconds — but with 450, without any 
Stop, it wa&37 Seconds. ' 

The Instrument which I hare ji|st described is a^ 
perfect a 5 feet Achromatic Telescope as I have seen, 
and is one of the chef-d^amvres of the late Mr. Peter 
DoLLONp — ^who thus speaks of it, to (the Gentle- 
man he sold.it to) Mr. G. Hodgson, F.R.S. 
(of whom I purchased it), in his Letter, which ib 
now before me, dated Novt. 11, 1803:: — " It has been 
made 10 years, and I can say that it is one of tfce 
best I ever made, and such as I cannot expect to be 
able to equal." 

This is, I believe,^ as perfect an Instrument as Art 
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can produce — and therefore^ what I have stated of 
its powers, are quite the maximum of what an Achro* 
matic Telescope of such an Aperture and suc^ a 
length can perform with the most favourable circum- 
stances. — The highest power I have applied to 
Saturn in the finest nights (with advantage) is 190. 

In the Table of the proportions of Huygens's Re- 
fractors, which IliavecopiedfromDr.SMiTH's Optics, 
in p. 23 of the Introductory Chapter on Achromatic 
Telescopes, the Reader will see that of the single 
Object-glass which had an aperture of 3^ inches, 
and which had a focal length of 60 feet, the highest 
Magnifying power was 141. — This calculation was 
made for an Huygenian Eye-tube, composed of two 
plano-convex Lenses and for observing Planets. 

The highest power which I have usually or use- 
folly applied to Double Stars is 400. — {See Chap- 
teron Double Stars,) 

Were I to order a Five Feet Achromatic, I would 
have the Aperture which receives the Eye-tubes 
large enough to admit such an Eye-tube as is usually 
pat to an Inverted Night-glass — ^but not to magnify 
with the 5 feet above 16 times, which would be .the 
best that could ,be applied for Comets- — Nebula — the 
Milky Way, &c. I would have another such power 
of 30, — and the Eye-pieces mentioned in the pre? 
Ceding Table, only the single Lenses shpuld be in a 
Polycratic circle similar to. that which I haye de- 
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scribed in the Account of the Three and a Half feet 
Achromatic 

The following is Sir George Shuckburgh's account 
of the 5 feet Achromatic Telescope made by Mr. J. 
Ramsden^ for his Equatcmal, which is now in the 
Eoyal Obsenrajtory at Greenwich, 

*' The Object-glass is a well - corrected double 
Achromatic, whose joint focus is 65 inches with an 
aperture f£ 4*2 inches^ has two sets of eye^assee, . 
one single, the other double'^ of the latter six from 
60 to 36Q times; of the fcurmer five from 150 to 550^— 
and a prism eye-'tube of 100-^the lowest of the com* 
pound eye^rtubes, a power about 60, is generally used 
for transits and polar distances; for tdescopical ob* 
servations of the planets 400 seems near die maxi«^ 
mum that this glasa will bear : with 500 the image 
is not sa well defined ; with 200 and 300 it is beauti«- 
fully distinct and bright." — PhiL Trow; Tol^ixxxiii. 
pp. 103 and 104. 

I think that there must be some miscalculation. of 
the Magnifiers mentioned in the preceding account^-- 
as I have before said, my 5 feet Telescope is as per* 
feet an Instrument as art can produce, and with it 
190 is quite as high a power as is agreeaUe to my 
Eye when it is pointed at a Planet; Sir G. Shucks 
burgh's Object*^lass is -^ of au inch larger than 
mine, but that increase of its aperture will gQ but a 
Uttleway towards making up the difference between 
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the magnifying powers of 190 and 300, with which 
latter, he says, his Telescope is '^ beautifully distinct 
and bright ;" and mentions 400 as near the maximum 
for observing Planets — I have never seen any Tele- 
scope which could bear more than 360 for Planets — 
the Atmosphere prevents it. 

A Reflector to be as light as the above-mentioned 
5 feet Achrooiatio must have an aperture of at least 
5J inches. — See the Obs. following the Table at the 
^d of the Chapter on Illuminating Power. 



CHAPTER V. 

GALILEAN TELESCOPES, AND OF CONCAVE AND 
CONVEX SINGLE EYE-GLASSES. 

The original Ga/ifeein Telescope, of which the optical 
instrument which we now call an Opera-glass is a 
miniature, was composed of a Piano-Convex Object^ 
glass — and a single Double Concave JBye-glass — 
and has been said to transmit much more light than 
an Huygenian Telescope of the same aperture, which 
has one or two convex Eye-glasses. — If it be much 
lighter — -which it does not appear to be to my Eye, 
it may be partly accounted for from another cause 
than that usually assigned : the Concave Eye-glass 
is generaUy made of White Flint, and it is the 
thinnest part of it which is employed : a Convex is 
usually formed from Green or Crown Glass, and the 
thickest part is in use. 

However, in the name of Common Sense, if there 
is any Truth in the asserted surprising superiority of 
CoTicave Eye-glasses, how has it come to pass that they 
are never used ? If they are really so superior to 
Convexes, surely, instead of Nobody, would not 
Everybody use them ? 

I shall now open my Case of Concaves, by reciting 
all the Pleadings I have found in their favour — and 
then state my own Experience thereon. 
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FORMS OF VARIOUS LENSES. 



" A Len s is any transparent Substance of a regu- 
lar Form through which Light may be transmitted, 
or refracted ; those in common Use are of Olass^ 
ground and polished to a proper Figure^ of which 
there are six different Sorts; as (1.) a Plain Lens, 
both whose surfaces are parallel to each other. 
(2.) A PlanO'Convex, consisting of one Plain and 
the other a Convex, or SpJierical Surface. (3.) A 
Double Convex, both whose surfaces are of a Convex, 
or spherically round Form. (4.) A Plano-Cgncave, 
with one. side Plain, the other a spherically hollow or 
Concave Surface, (5.) A Double Concave, both 
whose surfaces are spherically Concave. (6.) A 
Miniscus or Periscopic, which has one surface Con- 
vex, the other Concave." 

2 

y ^^ \ V ^ 
1 
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CONCAVES. 

'^* As they are very thin in the middle, the rays are 
less liable to be disturbed by the iitegulaiities in the 
substance of the XJIass in passing through it; and 
also since here we view not the image of Objects-* 
but the objects themselves, by rays coming directly 
frdm them, without crossing or interfering veith each 
other; it follows that on both these accounts, we 
have a clear and most distinct view of an object by 
this Telescope. And hence it is, that we can some- 
times see Jupiter^s Satellites vety plain in a Telescope 
of this sort not above 20 or 24 inches tong, when one 
of 4 or 5 feet of the common sort, with coAvex Eye- 
^afesefe, will scarcely render them visible.^' — B. Mae- 
TiN^s New Elements of Optics, 8vO. 1769, p. 18. 

Mr. Ben Martin's Theory is excellent, but iti6 
not true, — the most probable reason why He could 
not see as well in the Astronomical Telescope as 
in the Galilean, was, that the former must have been 
an extremely badly constructed Telescope ; and the 
following quotation, from page 86 of Mr .M.'s book 
applies aptly enough in this place : " I believe there 
are but few people who will pretend to make a Tele- 
scope in Fact, as perfect as it is in Theory. 
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SIB WM. HEBSCHSL's B&MARKS ON CONCAVES. 

in page 28 ^ the Izxxivth toL of die Phil. Trans/in 
Dr. Hetschers Observations on Saturn— the Reader 
will find the following remarks on Cameaxes^ 

" I tried several Double and Plaao-G)7ttav^ Eye^ 
glasses, b«t found them all defective in figure except 
<mit, and thai being of One inch focal kngth, the 
power was too low to expect seeing the belts of 
Saturn with it. The snydlness of the field of view in 
Omcaves, when applied to Astoonomical objects;* is 
BOt 80 disagreeable as it » generally supposed to be } 
for the Eye may have a motion before the Lens, and 
by that means a small luminous object, Tdien all the 
rest of the field is dark, and while the Telescope 
remains in the same situation, may be seen for as 
long a time, posung through the fidd of a Concave 
£y&*glass, as it can in a Convex one; whereas with 
the latter, it is well known that such a motion of the 
Eye can i)e of no use." 

In page 58 of the same paper. Dr. H. observes,-*- 
" I tried 5 new Concave Eyeglasses, but they all 
proved defoetive in figure ; with one of diem, power 
360, I saw the quintuple belt pretty well. With 
regard to the field of view they are full as convenient 
as CoKoex glasses. 

" With regard to the Eye-glasses, when merely 
the object of saving light is ccmsidered, I can say 
from experience, that Concaves have greatly the ad- 
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vantage of Convexes, and that they give also a much 
more distinct image than Convex glasses. 

" This fact I established by repeated experiments 
about the year 1776, with a set of Concave Eye- 
glasses I had prepared for the purpose, and which are 
stiir in my possession. 

" The glasses, both double and piano-concaves, 
were alternately tried with convex lenses of an equal 
focus, and the result, for brightness and distinctness, 
was decidedly in favour of the concaves. 

" For the cause of the superior brightness and 
sharpness of the image which is given by these 
glasses, we must probably look to the circumstance 
of their not permitting the rdlected rays to come to 
a focus. 

" Perhaps a certain mechanical effect, consider- 
ably injurious to clearness and distinctness, takes 
place at the focal crossing oi the rays,^ in Convex 
lenses, p. 296. 

" I have occasionally availed myself of the light 
of Concave Eye-glasses, but a great objection against 
their constant use is, that none of the customary 
Micrometers can be applied to them, since they do 
not permit the rays to form a focal image. Their 
very small field of View is also a considerable imper- 
fection ; in observations, however, that do not re- 
quire a very extensive field, such as double stars, or 
the satellites of Saturn, and the Georgian planet, 
this inconvenience is not so material. 
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*' The magnifying power by which the satellites of 
the Georgian planet were discovered was only 167 * ." — 
Dr. Herschel, in p, 298 of vol. cv. of the PhiL Tram. 

THE author's observations ON CONCAVE AND 

CONVEX EYE-GLASSES. 

^ Experiments with my own Eye have informed me 
that when the Moon of Jupiter can be seen with a 
Single Concave — ^they may be as easily seen, not only 

♦ " About the same time that the experiments on Concave Eye- 
glasses were made, I tried also to investigate the cause of the in- 
feriority of the Convex ones; and it occurred to me, that an expe- 
riment might be made to ascertain whether the rays of light in 
crossing, jostled against each other, or were turned aside from 
their right-lined course by inflections or deflections. 

'< With a view to this, I directed a 10 feet telescope to some finely 
engraved letters, put up at a convenient distance. A Convex eye- 
glass was fixed to a skeleton apparatus, which left the focal point 
freely exposed. A Concave mirror was placed so as to throw the 
focus of the sun's rays upon the focal image of the telescope, 
where, meeting with no intercepting body, they would freely pass 
through it at right angles. Then a screen being placed to keep off 
the solar rays, I fixed my attention upon the letters viewed in the 
telescope, and the screen being alternately withdrawn and re- 
placed, I could perceive no sensible alteration in the brightness or 
distinctness of the letters; hence I surmised, that the rays of light 
did not sensibly jostle in an instantaneous right-angled passage, 
but that possibly they might suffer inflections or deflections in their 
crossing at the focal point, on account of their being longer in col- 
lateral proximity." — ^Dr. Herschel, in FhiL Trans, vol. cv. note 
at foot of page 297. 

d2 
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with a single Convex of the same focus^ but with the 
usual compound Astlronomical Eye^piece (of like 
magmfying power) as usudly ittade on Mr. Huygens\i 
plan, with two Piano -Convexes ; moreover, so little 
light and so little magnifying power is required, that 
you may see therii in the common one foot Achro- 
matic Spying-glasses of about one inch aperture, 
with the usual Erect Eye-piece, containing Four 
Convex Lenses. 

I have often seen the Satellites in an Achromatic 
Finder of 2 of an inch aperture, and an eye-piece 
composed of two convex lenses with their plane sides 
outwards, which magnified about 10 times, -^indeed, 
I have seen two of the Satellites with one of the 
smallest-sized Perspectives. 

The Belts require much more Magnifying and 
Illuminating Power than the Satellites of Jupiter. 

The Beks of Jupiter are sc^trcely discernible in a 
one foot Achromatic — but may be seen with an 18 
inch of 1-^^ aperture and power of 40 — and are easily 
visible in a two feet with an aperture of 1-^^, with 
power of 30 to 60. 

However, Mr. Martin's assertion has been quoted 
repeatedly, and has passed current ever since he 
printed it — ^this is, I believe, the very first time that 
it has been contradicted: — if any of my Readers 
wish to make an experiment, to ascertain the compara- 
tive illuminating Power of a single Concave, a single 
Convex, and the usual Astronomical Eye-tube, they 
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may, for a few shiltings, be furnished with a Concave 
and a Cowoex Eye-glass of exactly the same magnifying 
power as that of their Astronomical Eye^ece, and 
lee for themselines. The small Star which accom-* 
paaies the Pole Star is one of the best Objects for 
ascertaining the relatire power of Glasses for shew« 
ing faint points of Light — and is most convenient — 
as the Telescope requires scarcely any motion to 
keep the Object in the centre of the field of yiew, 
even wlien the very highest magnifier is applied. 
The Belts and Division in Saturn's Ring are also 
excellent criterions of light and distinctness. 

I have too much respect for Science and for my* 
selfy to assert any thing which I do not believe from 
experiments made by my own eye^ to be the very 
Truth :— or to give my '* imprimatur** to any thing 
Aat others have asserted, without a complete con- 
viction of their having given a p^ectly correct 
report. 

" Too mudi has hitherto been taken for granted 
in Optics : every natural philosopher is ready enough 
to allow the necessity of making experiments^ and 
tracing out die steps of nature ; why this method 
should not be more pursued in the Art of Seeing does 
act appear. Theories are only to be used when 
imyper data are assigned; but the data are to be 
carefdlly re-examined, when stew iagprovements may 
widely alter the result of former expeiiments.'^ — Sir 
W. Herschbx, in Phil. Trans, for 1782. 
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• In a Concave Eye-glass, only that part of the field 
ifi distinct^ which is visible through the centre of the 
Eye-glass — ^if an object is viewed by looking through 
the sides of the Concave; it may certainly be seen 
after it has passed out of the field seen by looking 
through the centre of it — ^but it will be seen distorted. 
- That, can only be considered the actual and useful 
field of view, the Margin of which, is as perfectly 
distinct as the Middle of the field, when the Tele- 
scope is adjusted at an object seen in the middle of 
the field. 

The Distinct field in a Concave and Convex of the 
same focal length and the same diameter — appears 
to my Eye to be the same, and the Indistinct Mar- 
gin the same — only the Convex has this convenient 
superiority, that you see the whole of the field at 
once without any motion of the Eye — you can see 
only a portion of it in the Concave. 

To ascertain the relative properties of Concaves 
and Convexes, I requested Mr. Dollond to make 
, me a Concave and a Convex, each of exactly l-3d 
of an inch focus, and from the same plate of Glass- 
that I might apply the test of comparison in the 
fairest manner possible. 

In the Year 1824, with these Single Lenses, and 
with an excellent Huygeman Eye-piece with two 
piano-Convex Lenses producing the same Power, I 
firequehtly observed' Saturn — the result is,- that I 
think that the Belts, and the Division in the Ring, 
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are radier sharpest and most vivid with the Concave — 
but that my Eye camiot look through it but a very 
litde while without feeling strained and tired. 

The single Convex is scJeircely inferior to the Con* 
cave in brightness and distinctness^ and is not near 
so fatiguing to the Eye. 

With the Huifgenian Eye-piece, composed of 
two j^ano-Convex lenses, I think that the features 
of the Planet are not quite so sharp and bright as 
with the single lenses — but the vision is infinitely 
easier to the Eye — and those Persons who have 
looked through the several Eye-tubes, who were not 
so well aware of the necessity of keeping the object 
exactly in the centre of the field, when the Single 
Lenses are used, and from not being in the habit of 
using a Telescope, were not expert enough to keep 
it there — one and all greatly preferred the compound 
Eye-piece -^ with which, all the appearances seen 
with the Single Lenses were also visible — ^but not 
quite so bright. 

A Single Eye-glass especially to a Telescope of 
less than 7 feet focus, is attended with exactly the 
same evils as a Single Object-glass to an Opera- 
glass — and the following Obs. on the latter Instru- 
ment, will aptly illustrate the former. 

'* The Chromatic and spherical aberrations which 
produce those prismatic colours, and distortion of 
the vision in the Margin of the field of view, — 
which' so' exceedingly distress the Eye, and are the 
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main Evil cf Single Object-glasses, are in a great 
tneasure corrected in Double Object-glasses^ with 
which the Image of Objects appears more I>istinct^ 
in proportion as the order in which the Rays proceed 
is better jw-eserved. ^ 

" The Grand superiority of the Double or as it is 
commonly called the Achromatic Object-glass, con- 
sists in the field of view being almost quite as dis- 
tinct at the mai^in, as it is in the middle^ and thus. 
Vision is made easy to the Eye^ with a considerable 
Magnifying power. 

'* The Eye, is sadly distressed and puzzled, how, to 
adjust itself with a Single Object-glass, when it 
magnifies more than three times — (especially if its 
focus is less than 5| inches and its diameter more 
than 11), which then becomes indistinct, except just 
in the very centre of the Field. I think that in the 
very Centre of tlie field of a Single Object^lass, the 
vision is quite as vivid, if not more so than it \^ 
in a Double Object-glass — but as only just the very 
middle of the field is distinct, looking through it 
soon becomes much more fatiguing to the Eye, than 
with a Double Object-glass." — See page 93 of the 
Economy of the Eyes, Part I. 

Dr. Herschel, in one of his observations^ 
speaks of the decided superiority of the single eye- 
glass, when applied to bis Newt(»rian. '* I have 
tried both the single and double eye-glass of equal 
powers, and have always found that the single eye* 



GALILEAN TEXJSSCOPES, &C. 63 

glass had much the miperiority in point of light and 
dtstfocttieM. With the double eye-glass — and my 
7 feet Newtonian, which has an aperture of 6^ 
inches, I could not see the belts of Saturn, which I 
▼ery plainly saw wi& the single one : I would^ how- 
ever, except all those crises, where a Iai*ge field is 
absolutely necessary^ and where power, joined to dis- 
tinctoess, is not Ae sole object of view/' -^PAtV. 
Tmm. vol. Ixxii. p. 96, — See Dr. H.'s Paper on the 
Parallel of the Fixed Stars — in the Chapter on 
Double Stabs. 

This account of Dr. HT respecting the extreme dif- 
ference of the distinctness and light of Double and 
Single Eye-pieces, must have arisen partly, from the 
Double Eye-pieces which he used having been badly 
constructed, or the Glasses in them being imper- 
fect; for, according to Dr. H.'s calculation of the 
light transmitted by a Single and a Double Eye^ 
glass ; — the former is to the latter as 42 is to 40.-- 
See his Paper on Penetrating into Space, in the 
Chapter on JUuminating Power, 

So nnall a diminution of Light as only a twentieth 
part, could not be the sole cause for the great varia- 
tion of vision which Dr. H. has recorded that he 
found between Single and Double Eye-glasses ;— 
^Jthongk a Good and highly educated and experi- 
euced Eye can discern much less variation, in the 
^^ppearance and brightness of objects, than persons 
who are not practically acquainted with this subject 
may imagine. ' 
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I have observed, in the Chapter on ** Choosing 
TeleBcopes," &c. that ** a difference of 6 or 10 in the 
magnifying power will sometimes, on some objects — 
give quite a different Character to a Glass/' and 
Mr. TuLLEY states, in his Letter (see Chapter on 
Cassegranian Tekscopea), that ". on comparing a 
Gregorian and a Cassegranian Telescope, each of 7 
inches aperture — at a very little after sunset, he 
could then plainly perceive a difference between a 
power of 77 and 82 — whichever Telescope had the 
power of 77, compared with the other at 82, was 
very visibly the lightest." 

A Good Achromatic of 2|, or a Gregorian Tele- 
scope of 6 inches aperture (neither of which are near 
so light as the 7 feet Reflector of 6^^^ inches aperture, 
which was the size of the Telescope Dr. H, here 
alludes to), when the planet is in a favourable position 
and near the meridian, will shew the Belt of Saturn, 
with a Double Eye-glass magnifying 100 times: and, 
on Dec. 16, 1824, at half-past nine, when the planet 
was close to the meridian, I saw the Belt in my 7 feet 
Jf ewtonian which has a Metal of 6^^^ inches, and 
was made by Sir Wm. Herschel, with Huygenian 
Eye-tubes, magnifying from 80 to 240 times. — See 
Chapter on Saturn. 

. In a Single Eye-glass, especially if less than half an 
inch focus^ whether Concave or Convex, the field of 
viewis very small, and is distinct only in the very centre 
of it — so that in a Telescope of 6 feet focus which 
magnifies more thw 100 times — ^it must be kept in 
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almost constant motion to keep a Planet in the 
centre of it. 

Saturn or Jupiter so very nearly fills all the distinct 
part of the field of a Single Eye-glass, that we cannot 
see the whole of them distinctly for more than two 
or three seconds without moving the Telescope : — 
now, it is impossible to examine any object distinctly 
when it is in motion, and therefore, it is of great im- 
portance that the field of view be as large, and as 
nniformly distinct, as possible. 

To my Eye, Saturn certainly appears sharper and 
brighter with a Single Concave or Convex Eye- 
^ass — than I have seen it with any Compound Eye- 
piece^-— composed of two or more lenses : but I have 
not found this to be the opinion of persons unused to 
observe, which I suppose is because the Single Eye- 
glass is Distinct only just in the centre of the Field, 
and the difficulty of keeping the object there is so 
great to those who are unaccustomed to manage Tele- 
scopes, that I have found them invariably complain, 
that the Vision with the Single was less Distinct 
than with the Double Eye-glass. 

See other Observations on the comparative light of 
various Eye-glasses, &c. in the last page of my 
Chapter on Diagonal Eye-Pieces, and on Illuminating 
Power. 

To conclude — the difference in brightness, &0i, is 
so small, — the advantage of the increased and ^ni- 
formly distinct field of view is so great, and the 
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Vition is so mucli more easy to the si^t» that» esfc-- 
cially for Telescopes of less than 7 feet focus^ (except- 
ing 'Wkere very mmute objects^ such as faint double 
Stars^ are to be examined^ and the utHKyst distinct^ 
ness of the central point is of more cotisequfaice than 
extent of field,) my Eye alwajrs ajsks me to use the 
uiftual Compimnd Ege^pieces*-* them require care in 
constructing of proper proportion, and careful exacts 
ness in putting together. 

The odds in difficulty of constructtooa against the 
Compound Eye-piece are. Two additioned suT&cea to 
grind and to polish, L e. the imperfections of anotiier 
Lens— ^ and the centring of them perfectly true to 
each other-^however, these difficijAies are ea^y 
surmounted by a careful Optictan, and thus the 
Huygenian Eye^fcube is undoubtedly the most de-» 
sirable. 

" The aberratioQ firom the figure, where Two Eye* 
passes, are rightly proportioned, is but a fourth of 
what it must unavoidably be where the wh(de is 
perfonned by a Single Eye-^ass/' — See Mr. Doi.- 
lond's Letter to Mr. Short m thePldl. Trans, for 
1753. And especially for Planets, and for Telescopes 
under 7 feet focus ; because^ when a single lens is 
shorter than half an inch focus, the aberration of 
Sphericity becomes extremely inconvenient for P/it- 
netary Observaticms. — Stao's occupy so much smaller 
a portion of the Field of View, that for them it is of 
less importance. 



CHAPTER VI. 

REFLECTOSS. 

t 

REFLBCTINO TELESCOPES. 

The invention of the Reflecting Telescope may te 
considered the epoch when Optical and Astrono- 
mical pursuits began to become genereJc-^the un* 
wieWy length of Refracting Telescopes, adapted to 
any impcntant purpose^ rendered them so extremely 
inconvenient, that it required the utmost dexterity to 
tUBC them, as it is necessary to increase their length 
in no less a proportion than the duplicate of their 
magnifying power ; so that, in order to magnify 
twice as much with the same light and distinctness^ 
the Telescope required to be lengthened four times, 
and to magnify thrice as much, i. e. nine times the 
length. 

Tliii \fnwieldiness of tfxe Refracting Telescopes 
possessing the needful degree of Magnifying power, 
caused the attention of AstronoB^ers and Opticians, 
8tc. to be directed to the construction of Reflectors; 
and, early ia 1672, Sir Isaac Newton completed 
his two small Reflecting Telescopes, which were but 
Six inches long, and were held in the hand for view- 
ing objeetB, but in power were equal to a Six Feet 



68 



EEFLECTORS. 



Refractor. — See the Account of Sir I. N/s Telescope 
in the Appendix. 

For the following Tables of the proportions of 
Gregorian and Newtonian Reflecting Tele- 
scopes, I am indebted to page 39 of the Appendix 
to the Nautical Almanack of 1787, which now being 
out of print and become scarce, I have copied here, 
from the same motives Dr. Maskelyne inserted them 
in: his book. 



TABLE of the Apertures, Powers, and Prices of 
Reflecting Telescopes, constructed in the Gregorian 
form, hy the late ingenious Mr. James Short*. 



1 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

il 



] 






3 

4i 
• 7 

9i 
12 

12 
18 
24 
36 
48 
72 
144 









1,1 

1,3 
1,9 
2,5 
3,0 
3,0 
3,8 
4,5 
6,3 
7,6 
12,2 
18,0 



llagnifyiag Powers. 



1 
1 
1 

2 
2 
4 
4 
4 
4 
4 
4 
4 



Power of 



_ 40 & 
55 ^ 

. 35, 55, 85, & 110 
• 55, 95,130,& 200 
- 90, 150, 230, & 300 
'100,200, 300, & 400 
-120,260, 380, & 500 
-200,400, 600, & 800 
-300, 600, 900, & 1200 



18Times 

25 

40 

60 

85 



Guin. 



3 
4 

6 

8 

10 

14 

20 

35 

75 

100 

300 

800 



♦ Mr. Short charged higher Prices in 1768 than Opticians do 
now ; although the price of labour and every article required in the 
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Mr. Shorty in the above table, always greatly over- 
rated the highest power of his telescopes. By ejcpe^ 
riment they were found to magnify much less than 
expressed in his paper. 

** To this circumstance alone/' says the Editor of 
the Article Speculum, in vol. xxxii. Part II. of 
Dr. Rees's New Cyclopeedia, ** we are assured by an 
Ingenious and Candid Optician, it is to be ascribed, 

construction of a Telescope is now much dearer — ^but Short had no 
competitor^ and he spared neither trouble nor expense to make hit 
Telescopes perfect — and then put such a price upon them as pro- 
perly repaid him — and purchasers were content — because they 
were convinced that they received from him as perfect an Instru- 
ment as Art could produce. 

> 

Mr. Herqe^t, 

Bought of James Short. 

1767. To an Equatorial Telescope 18 inches.-v 

April 13. Focal Length, the Aperture as large J. £115 10 

as one of 2 feet, 3 

With Achromatic Object-glass and Mi- ) «,5 r ^ 

" "^ * ^pt o 



} 



chrometer of 30 feet Focal Length 
To a Common Stand for the Telescope 8. 8 

To an Helioscope ... 3136 

£153 16 6- 

London, 13th April, 1767^ Received of Mr. Herbert . 

the Above Sum in full of all Demands. 

Ja. Short. 

N.B. The above was given me in May 1824, by Mr. Rubergall, 
Optician, in Coventry Street, in whose possession I saw the 
original. 
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ihni ' All following Opticiam^ have been oblig^^ by 
way of satifiifying the expectatioiKi ef thrir Ciisteiaejr8j 
to overnrate the highest powe^ of their Tele8c<^>es, 
in order to obtain a price^ adequate to their respective 
velnes/' 

Who ** the Ingtmous and Candid Optician^' is, or 
who the Author of the artiole quoted is, I do uot, 
p(»r do not wish to know — ^Who '^ the Following 
Opticians" are, it would, however, be very desirable 
to know, because no one would willingly enter the 
Shop of Tradesmen who practise imposition by sys- 
tem ! but why should they over-rate their higher 
powers ? — ^An Eye-tube, or a small Speculum, which 
magnifies 300, costs them very little more trouble 
than one that magnifies 200 times ! ! ! 

The present work, it is hoped, will completely 
dissipate all these delusions about monstrous Magnify- 
ing Powers, which have so long obfuscated the Opera- 
tions of Opticians, and the amusements of Telescope 
fanciers. — Se^ Chapter on ** Illuminating Power ^ 
** Magnifying Power, ^^^^ 

Mr. Short finished two or three telescopes of the 
Gregorian form, of ^eighteen inches focus,- with 4*5 
iniphes aperture, and power 170. 

He also made One telescope, of the Ca^segrain 
fonUi of twenty-four inches focus, with six inches 
aperture, and power 365. But it was very indistinct 
with that power. The greatest mggnifier it bore, 
with sufficient distinctness, was 231 times. 
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For want of lUimunating power, no Reflacttpg 
Telescope of 6 Incbeit mporture, or iiKieed of any 
larger aperture, will appear so distinct, when tamed 
to a Planet^ with 355 as with 231. — See Obs. on the 
7 feet Newtonian. This telescope is well known in 
the optical world by the name of " Shorfs Dumpy*' 
and was originally made for the Honourable Topham 
Beaaqlerc, at whose sale it was purchased by the 
late Mr. Anbert, who pointed it out to me, in his ob- 
servatory, as a very curious and unique instrument. 
This In^tniment, Mr. TuUey asBured me, is still in 
high preservation, and in the possession of Mr. Alien, 
of Plough Court, l4ombard Street. 

The Cassegrmn differs from the Oregorian by the 
small speculum being convex. 
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TABLE of Apertures, Powers, Sfc. of Telescopes of 
the NEmTONlAN construction. 



Focal Dist. 

of concave 

metal. 


Aperture of 
concavemetaL 


Sir Isaac 
NewUm's , 
numbers. 


Focal Distance 

of 
Single eye-glara. 


Magnify- 
ing 
Pow^. 


Feet 


Inch Dec. 


f 


Inch Dec. 


* 


h 


0,86 


^ 100 


0,167 


36 


1 


1,44 


168 


0,199 


60 


2 


2,45 


283 


0,236 


102 


3 


3,31 


383 


0,261 


138 


4 


4,10 


476 


0,281 


171 


5 


4,85 


562 


0,297 


202 


6 


5,57 


645 . 


0,311 


232 


.7 . 


6,24 




0,323 


260 


8 


6,89 


800 


0,334 


287 


9 


7,54 


- 


0,344 


314 


10 
11 


8,16 


- 946 


0,353 


340 


8,76 




0,362 


365 


12 


9,36 


1084 


0,367 


390 


13 


9,94 




0,377 


414 


14 


10,49 




0,384 


437 


15 


11,04 




0,391 


460 


16 


11,59 


1345 


0,397 


483 


17 


12,14 




0,403 


506 


18 


12,67 




0,409 


528 


19 


13,20 




0,414 


550 


20 


13,71 


1591 


0,420 


571 


21 


14,23 




0,425 


593 


22 


14,73 




0,430 


614 


23 


15,21 




0,435 


635 


24 


15,73 


1824 


0,439 


656 



Dr. Maskelyne observes, that as Telescopes of Sir 
Isaac Newton's construction are now found (particu- 
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larly by tiie late exquisite observations of Mr. Her- 
scbel,) to perform most excellently in the minutiee of 
ABlTonomy, especially if Small apertures, and Lang 
fod ore made use of, I have added ibe foregoing 
tsdble, chiefly taken from Dr. Smith's Optics, vol. i. 
p. 146. I have also annexed to it Sir Isaac New- 
ton's numbers, by means of which the apertures and 
powers of Reflecting telescopes, may be easily com- 
puted. — See Appendix to Gregory's Optics, p. 229 ; 
orPAf/. Traiw.No. 81. 

Dft.?SMiTH, in the preceding Table, reckons that 
to obtain Double the Degree of Magnifying power 
you must have Quadruple the degree of Illuminating 
power — ^that is, to the Speculum of 6 J inches Aperture 
he sets down a Magnifying power of 260 — to the 
Speculum of 12 inches a Magnifying power of 506. 

It may be necessary to mention, that the preceding 
table was constructed by using the dimensions of the 
middle aperture and power of Mr. Hadley's excellent 
Newtonian telescope as a standard ; viz. focal dis- 
tance of great mirror 62 J inches — aperture of the 
(^ect-metal five inches, and power 206 times. 

*^ Mr. Herschel chiefly makes use of a Newtonian 
reflector, the focal distance of whose great mirror is 
7 feet, its aperture 6.25 inches, and powers 227 and 
460 times, though sometimes he uses a power of 
6450 for the fixed Stars." 



*t. 



Note : If the metals of a Newtonian telescope are 

E / 



74 REFLECTOBS; 

worked as exquisitely as those in Mr. BLerscheFs 
seven feet reflectory JtJhe highest power that such 
a telescope should bear, with perfect distinct- 
ness, will be given by multiplying the diameter 
of the great speculum by 74* ; and the focal 
distance of the single eye-^lass may be found by 
dividing the focal distance of the great mirror by 
the magnifying power. Thus 6,26 x 74=462, the 

7x12 

magnifying power ; and --^zr- =0,182 of an inch, 

the focal distance of the single eye-glass re- 
quired." 

* This calculation must allude to the Power which it will bear 
for observing Stars. — Eye has never seen a Newtonian, or any 
Reflecting, or indeed any Achromatic Telescope, that would, for 
Planetary observations, bear, with any advantage to Vision, a- 
higher magnifier than is given by reducing the diameter of the 
large ]\letal into Tenths of Inches, and multiplying that sum by 3 
or 4 at the utmost, which latter, requires every circumstance to be 
perfectly favourable For observing Double Stars I have occa- 
sionally employed a magnifier, that is given by multiplying the 
diameter by 10 and by 20 — but very rarely with any advantage 
beyond 6 or 8. These coniputations will be found to coilicide v^iy 
nearly to the Numbers given to a 7 feet Newtonian of 6 d-tehths 
aperture in the preceding Table. 

Dr, Smith's Table gives 260 for the Magnifying Power of a 
Newtonian with an aperture of 6i inches. Mr. Hadley's New- 
tonian of 5 feet focus and 6 inches aperture magnified 208 times.—. 
See the Appendix. 

With my Herschel 7 feet, of 6 3-tenths aperture, for looking 
at Saturn, I like- an Huygenian Eye-piece magnifying about 21$ ' 
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Notwithstanding this high authority for making 
Newtonian telescopes of such extremely long foci, I 
am far from being convinced it is absolutely neces- 
sary that they need be made quite so long as 14 
diameters of their object speculum, for any other 
reason, save the advantage arising from the use of 
Eye-glasses of longer foci, which is a very great ad- 
vantage, because the aberration of sphericity is in 
them so. much diminished : — ^we can get almost all 
the Magnifying Power which is wanted for Planetary 
observations with a single Convex lens of half an inch 
or a third of an inch focus with a 7 feet New- 
tonian. — See Obs. on Single Eye-glasses in Chap- 
ter V. on Galilean Telescopes. 

The Vision of a Gregorian Telescope is as bright, 
and quite as distinct with a Speculum whose focstl 
length is 6 times, — aye of only 4 times or even 3 times 
the diameter of its large Metal, as it is of any longer 
focus — and it must be as easy to produce the artificial 
curve required in telescopes of the Newtonian as it is in 
those of the Gregorian totistruction. 

The curve which is best adapted to a Gregorian, 
one would suppose would be best for a Newtonian' 
Speculiun — ^but Opticians assure me that this is not 

times — and not higher then 240. Sir Wm. H. used widi such a 
Telescope a single convex which magnified 287 with my Gregorian 
lUiector of 9 inches Aperture— > this Planet is seen best with 300 
or 260.— W. K. 
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the fact, and that a Large Speculum which affords 
excellent vision with a Plane Small metal — is indif- 
ferent with a Concave one — imd that which acts well 
with a Concave will not do so well with a Convex. — 
(See the end of Chapter IX. on Cassegraniam.) 

It costs only a few pounds to have a Plane small 
Speculum, &c. put to' a Gregoriim Telescope, and it 
gives an opportunity of trying many amusing experi- 
ments. 

One of our best Practical Opticians, the cele- 
brated Short, saw no necessity for Newtonians being 
so long ; — the focal length of that which he made for 
the Royal Observatory at Greenwich, is only 8 dia- 
meters of its aperture ; i.e. it is Six feet focus, and 
Nine inches and a quarter in diameter. 

This is a manageable Machine, long enough to 
apply as great a Magnifier, and large enougb to 
reflect as bright an image as is of any use to the Eye. 

The Proportion fixed by those Experienced 
Makers of Reflectors Messrs. Tulley, is one Inch 
of Aperture to one foot of Focal length. They have 
assured me that they cannot make them shorter, 
without the Instrument being much less perfect. 

Northampton, May 1st, 1822. 

D£AR Sib, 

After many trials to shorten the 
Kewtcmian Telei^cope bdk>w 12 times the diameter 
of the Object Speculum, I am now convinced, that 
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large Newtonians cannot be made to do their duty 
perfectly, unless they are at least 12 times the length 
of the diameter of the large Metal : in that case, they 
are certainly superior to any other Telescope. 

like many persons, I was for a long time incre- 
dulous as to the necessity of Long Foci, but expe- 
rience has fully convinced me of it. My 7 Inch 
metal of 7 feet focus will always beat my 9 Inch 
metals of that length. 

I cannot see ij Corona, which Mr. Mosely in- 
formed me that he has seen in the most distinct 
manner with the 7 feet Newtonian of 7 Inches 
Aperture with 660 which you made for him: — 
my 12 inch Aperture blends the two stars together, 
and they appear as one ill-defined spot of light — 
they appear the same in my telescope of 9 inches 
Aperture ; and for no other reason but that it is of 
only 7 feet focus. 

Mr. M. observes that it is impossible to see any 
of the minute Double Stars distinctly defined, un- 
less the weather is Warm, Clear, and Calm. 

I am. Dear Sir, 

Yours truly, 

R. COMFIELD. 
To Mr. TuLLEY, Optician, Islington. 

The abofve was communicated to me by Mr.Tulley — 
ivho informed me that Mr. Comfield had had a great 
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deal of experience both in making and using reflect* 
ing Telescopes^ and that his opinions are quite cor* 
rect. — See more on this subject in Mr. Tulle y's 
Letter, on 7 Feet Newtonians* 

In Newtonian Telescopes^ Dr. Herschel says, 
in his Paper on the Quintuple Belt of Saturn in the 
P/uL Trans, vol. Ixxxiv., that ** the mmximum of dis- 
tinctness, is much easier obtained, in a speculum of 
Six inches and a quarter aperture, than it can be in 
larger ones.'' This was the size of the Tdescope h^ 
made his Astronomical catalogues with, and in his 
hand& it has worked wonders. 

Dr. H. observes, that his 7 feet Newtonian, 
which has an Aperture 6^ths inches, '' has sufficient 
light with a Single eye-glass, of tV^® ^^ ^^ ^^^ 
focus,, which gives it a Magnifying power of 287, to 
shew the Belts and Double Ring of Saturn com- 
pletely well*.'* What can we wish for more ? Horn 
many, have expended large sums of money on Tele- 
scopes, without having ever seen these All-repaying 
Sights. 

If I was now to order a Telescope for Astronomical 

* In page 51 of vol. rxxxTv. of the PML Trans, for 1794, 
Dr. H. says, " my T feet Reflector bears an Eye-glass of 3-tenth» 
of an inch focal length. 

" My object Specula are generally from 84 to 88 inches focus, 
and, therefore, give a power from 280 to 293. The favourite one 
gave 287>— (See Chapter XlX. on " Saturn'*^ and Chapier JCVIL 
on " lUuminating Power.*' 
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» 
purposes for my own use — I would have a Newtonian 

of not less than 7 feet focus, or a Gregorian o( 3 

feet focus and 7 or 9 Inches diameter.— See Obs. on 

" Newtonian and Gregorian Telescopes'' — and on 

" Saturn/' and Mr. Comfield's Letter in p. 77. 

In Dr. H.'s account of his Lamp Micrometer, in 
Phil. Trans, for 1782, he says, *' the power of 460 
my telescope bears so well on the fixed Stars, that for 
near a twelvemonth past I have hardly used any 
other." 

In page 6 of the Phil. Tram, for 1790, the Dr. 
informs us that ''with 410 his 7 feet reflector had 
hardly light enough for Saturn." 

The following are interesting facts about Large 
Telescopes : — 

" The Strong light of the 20 feet Reflector was 
too great a fatigue to the Eye, which cannot bear to 
look at a very luminous object for a long time to- 
gether; for which reason (in observing Saturn) I 
chiefly used my 7 feet Reflector." — See Phil. Trans. 
for 1794 — and Dr. Maskelyne's Obs. in page 42 
of the Appendix to the Nautical Almanack for 1787, 
imd Dr. Herschel's Ob^. on y Leonis. — See PhU. 
Trans, vol. Ixxv. p. 48, and Chapter XX. of this 
work. Sir W,: H, observes, that " with the 20 feet 
Reflector and Power 350, 7 Leonis is too bright 
^ Object to be quite distinct.'^ The Aperture of 
his 20 feet Reflector I believe was about 18 inches — 
and of the 10 feet, 9 inches. 
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QuBRY : Can the acmi of perfectioii, be ob<- 
tained in metals larger than 6 inches in dia^ 
meter? Mr. Tulle y and Mr. Watsqk have 
candidly declared to me^ they would rather not 
undertake to make Specula larger than &. indies 
in diameter, if required to engi^ that th^ would 
ihew Stars round and neatly, like Silver spanglies 
OH a bit of Black cloth. — See Sir W. H. 06a. 
and tl^ diagram of Castor in the frontispiece 
to this work. '' They should give the appcoent 
diameter , of Stars perfectly round and well de- 
finedy with a deep black division between them'' — 
and unless they will bear thia severe ordeal, iiieir 
figure cann6t be depended on for exhibiting any ob- 
ject with that perfection, which is the sinejqua nonof 
Astronomical Telescopes, To define Double Stars 
distinctly and shew the Division in Saturn's Ring, are 
undoubtedly the best tests of the perfection of the 
Instrument and of the perfection of its Adjustment^ 
for observing every other object. 

. It must ever be present in our Recollection, that 
the Quality of the Lights is as impbrtaiit aa the 
Quantity of it — increasing the Apertures of oror 
Telescopes, unless they are in every pact equally 
p^ect — ^will be of no use. — See Mr. CoMFiein's 
Letter, at page 77. 

To make a Reflector of 7 inches Aperture shair 
Stars as Sir W. H. has delineated the diagram of 
Castor, (see Frontispiece,) is a difficult task fiwr the best 
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workman — and is a task which perhaps will very 
seldom be accomplish^ with a Speculum beyond 
that diameter. 

Have a light wooden Cap to put on the end of 
your Telescope which will contract the Aperture half 
an inch, and fit into this two others of Pasteboard 
jnrhich will each contract it half an inch more — you 
will find them very convenient in comparing the 
Illuminating power of Telescopes and for observing 
the Sun — Moon — ^and Double Stars. — {See Chap- 
ter XX. on Double Stars.) 

The dimensions of Instruments are limited — Op- 
tical Art is, as I have before said, circumscribed, by 
certain impediments which prevent the application 
of a higher power than 400 times. 

This is so true, — that, until these Obstacles are re- 
moved, we need not hunt after monstrous Telescopes, 
unless it be in the true hobbyhorsical spirit, for the 
sake of the Pleasure arising from the Trouble of using 
them. 

Immense Telescopes, are only about as useful, — 
as the Enormous Spectacles which are suspended 
over the doors of Opticians. 

Those who are acquainted with the laws of Me- 
chanics know, that all the productions of Art are 
circumscribed by Nature, and governed by certain 
laws and proportions. — If these are overstepped, to 
render one part of a Machine more powerful, another 
part will in proportion become less perfect ; so that 

e2 
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when this line of perfection is broken, as much as is 
gained one way is commonly lost another, or the 
good of the whole is sacrificed for certain parts J 

" Est modus in rebus, sunt certi denique fines, 
" Quos ultra citraque nequit consistere rectum/' 

According to this rule, I have endeavoured to 
prove that Optical instnmients and their Magnifying 
powers have their proper limits, — as well as every 
other thing which is made by the hands of Man. 

I do not believe that Art has yet produced a Re- 
flector beyond 7 inches, or an Achromatic beyond 
3-]^ths in diameter, of which the Defining power 
has proved quite perfect when tried on a fixed Star. 
I have no doubt that this was the reason why Sir 
W. H. chose the 7 feet Newtonian for forming his 
Catalogue of Double Stars in preference to any of 
his larger Instruments — of which at that time he 
had several of 10 and 12 inches in diameter. — See 
PhiL Trans. 
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THE LENGTHS APERTURES — ILLUMINATING — 

AND MAGNIFYING POWERS, AND PRICES, OF 
GREGORIAN REFLECTING TELESCOPES, AS NOW 
MADE BY MESSRS. TULLEY AND SONS, TELE- 
SCOPE MANUFACTURERS, TERRIT*S COURT, 
UPPER STREET, ISLINGTON. 



Name they aie 


Diameter of 
Aperture. 


Illuminating 
Power. 


Usual Magnifying 
Powers. 


Price. 


Feet InehM 
1 


2i 


52 


50 


L. 9. 

7 7 


1 6 


3 


90 


50 
100 


12 12 


2 


4 


160 


60-90 
120-180 


16 16 


3 


5 


250 


60-90 
120-180 


42 


4 


7 


490 


77-130 
200-350 


105 


5 6 


& 


810 


90-130 
200-350 


210 



OF THE NEWTONIAN CONSTRUCTION. 



Henclid, 7 feet 
7 

Improved 

7 



10 



7 



10 



39^ 
490 



1000 



50 to 1000 



50 to 1000 

1. 1 ■ < III 1^ I 



100 
126 



315 

■ . ■' 1 — 
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ACHROMATIC TELESCOPES 

MlKUPACmniED BT 

CHARLES TULLEY and SONS. 



JM^U^m 



£. «. d. 

Portable Telescopes, 1 foot when drawn out, iuid 
5 inches when shut up, Objcct-Olass IJ inch dia- 
meter ,., 1 15 

Ditto, l^ foot when drawn out, and 7 inches when shut 
up, Object-^Glass IJ inch diameter '2 1^ 6 

Ditto, 2 feet when drawn out, and 9 inches when shut 
^P» Object-Glass 1 J inch diameter 3 13 6 

Ditto, 2^ feet when drawn out, and 10 inches when 
shut up, Obje6t4jlass 2 inches diameter ^ 5 O 

Ditto, 3 feet when drawn out, and 10 inches when shut 
up, Ol^^t*.Glas8 2i inches aperture., ^ 6 ^ 

Ditto, 4 feet when drawn out, and 14 inches when shut 

up, Object-Glass 2i inches aperture 12 12 

H foot Telescopes, to be used at Sea, commonly called 
Navy Telescopes, Mahogany Tube, with one Brass 
Draw for %e-piece ...♦....» * 2 a 

2 feet ditto 2 12^ 6 

2i feet ditto 4 

3 feet dittb 4 14 6 

4 feet dkto -, 7 7 

Night Telescopes to be used at Sea, in Mahogany 

Ti^bes, mounted with Brass, 2 feet long % 3 3 

2^ feet Telescopes, Brass mounted, on plain Pillar and 
Ckw Stand, with 1 Eye-piece for Astronomical Pur- 
poses, and 1 for Land Objects^ to valry the magnify- 
ing Power, packed in a Mahogany Box 10 10 
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^ feet Telescopes, Brass mounted, on Pillar and Claw 
Stand, with elevating Radc,l Eye-piece fbr Astrono- 
mical Purposes, and 1 for Land Objects, to vary the 
magnifyiiig Power, packed in a Mahogai^ Box . . 12 t2 
Z\ feet ditto, 2| inches aperture, with plain Pillar 
and Claw Stand, 2 Eye-pieces for Astronomical 
Purposes, and 1 for Day Objects, to vary the mag- 
nifying Power, packed in a Mahogany Box 21 

Ditto, ditto, with elevating Rack and Achromatic 
Finder, 2 Eye-pieces for Astronomical Purposes, 
and 1 for Day Objects, to vary the magnifying 

Power, packed in a Mahogany Box , t^ 5 0^ 

3| feet Telescopes, 3^ inches aperture, vnth Vertical 
and Horizontal Hack-work Motions, Achromatic 
Tinder, 3 Eye-pieces for Astronomical Purposes, 
and 1 for Day Objects, to vaiy the magnifying 

Power, packed in a Mahogany Box 42 

Ditto, ditto, 3f inches diameter, mounted as above . 08 5 
Ditto, ditto, with Universal Equatorial instead of 

Pillar and Claw Stand 84 

5 feet ditto, 3f inches aperture, on a Universal 
Equatorial Stand, with Achromatic Finder, 4 Eye- 
pieces for Astronomical Purposes, and 1 for Day 
Objects, to vary the magnifying Power, packed in a 

Mahogany Box, fiom 100 Guineas to 157 10 

7 feet ditto, 5 inches aperture, on a newly iipproved 
Universal Equatorial Stand, 6 Eye-pieces % Astro- 
nomical Purposes, and 1 for Day Objects, to vary 
the magnifying Power, with Achromatic Finder, 
and Troughton's Micrometer 275 ^ 
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The foregoing Table gives the proportions of 
which Reflecting Telescopes are usually made, but 
if the Purchaser is willing to pay an extra price for 
the additional trouble in working the Metals of a 
shorter focus, he may have a Gregorian Telescope 
not exceeding four inches Aperture, of any length, 
so that it be not shorter than three diameters of its 
aperture ; but there is no use in making telescopes 
of extremely short focus, if their aperture is larger 
than 2 inches : the only advantage of making those 
so short is to render them more easily portable— a 
Tube of 3 inches diameter if only 8 inches in length 
is not a portable thing from its Diameter. — See 
Obs. on Dumpies in Chapter XVII. on Illuminating 
Power. 

The Reader will see by the above Table, and 
that of Mr. Short's (p. 68), that the usual 
propoiiion of the Apertures of Gregorian Telescopes, 
to their Focal Lengths is as One to Six ; which is 
quite Short enough, and you have a much greater 
chance of having a fine Instrument by having it of 
the Dimensions usually made, because you inay have 
the choice of several Metals. 

It has been said even by practical Opticians, that 
Short Gregorian Telescopes give a neater image of a 
Staj, than those of the usual length — is it not con- 
trary to all Theory, that deep curves should have less 
aberration than shallow ones ? I venture to ascribe 
the usual superiority of Short Gregorians to another 
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cause than their Shortness. These Dumpy Tele- 
scopes are usually bespoke by Amateurs, who are 
willing to pay a good Price for a good Instru- 
ment, therefore the maker sets to cheerfully, de- 
termined to do his best, having the double induce- 
ment of being well paid for his labour, and of its 
being duly estimated by being in the hands of those 
who will properly appreciate it ; he will have Credit 
for his good work as well as Profit. 

As I have before observed, it is not near so difficult 
a task to make a Telescope that will shew Day 
objects and Planets tolerably well, as it is to pro- 
duce one that will define a Star properly : — unless 
the Telescope is made on purpose for observing 
Celestial objects the requisite trouble is not taken 
to render it perfect for such purposes, if it was, the 
Instruments could not be sold at the cheap rate 
which comnaon Telescopes are sold at : — I have put 
the reader into possession of the power of judging of 
the goodness of Telescopes, and it is just to those 
who make them, to candidly acquaint him that 
Opticians, like all other Artists, must be paid extra, 
if extraordinary excellence be required. 

Were I to order a Gregorian or Newtonian, I 
would not have the former shorter than 4 diameters 
of its large Speculum, nor the latter shorter than 9 : 
and when I ordered it, should say to the maker — if 
your Instrument does not define sharply, I will not 
haye it any more than I would have a Razor that 



would not ^nve sba;^ly; if it (Joes, I will wUliftgly 
pay you for your ei:tra trouble in making it : at the 
same tin^e asking what sum would satisfy him. 

If an Optician desii^esto make a perfect Instrur 
ment^ He paust make Two sets of Specula * : — this 
idone— can giye him a fttir chance of doing his best. 

So easy it is to get a tolerably good figure, that 
will do pretty well for Day purposes — and so ex- 
tremely difficult it is to obtain a figure that will per; 
fprm perfectfy well for Celestial purposes—^that if the 
Bztyers are unwilUng to pay for the extra labour, — 
they ought not to be very much astonijBhed, — ^if the 
Selkrs are willing to stop, when the figure is tolerably 
goodi rather than run the risk of destroying a week's 
work, by trying to make it a fine one. 

Get one Metal as good as you can, then set to 
work at another, and when you are quite sure that 
you have piade the second more perfect, tfy to mend 
the first: thus, by alternately working one after the 
other, you may at last obtain that *' ne plus ultra'^ of 
peffection, which, to themp^t experienced and expert 
Optician, is qho^y^ ^ccident^l* 

Therefore, the Makers of Telescopes should keep 
to certain ai^Bes — the fewer varieties of either Aper- 
ture or lengtji^ ^e better both for the Buyers and 
the Sellers, ap the greater number of fine Instni-* 

* Sea Dr. i|^ii8CHEL*3 account of his labours in Specula- 
makUig, in Chapter VIII, of thj^ vrork. 
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itients may be pidced out — and the less will be the 
expense of making Took and the trouble of manu«> 
fccturing Telescopes. — See Mr. S. Gray's Experi- 
ment to make Concave Specula of a Parabolic 
figure, in vol. xix. p. 787 of the Phil. Trans, for 
1697 — Dr. Greqory's Elements of Cat- and Di* 
Optrics, by Dr. Desagujlibrs, 8vo. 1735 — ai[id 
the Rey. S. Hardy's Translation of Sherffer on 
D»^tric8, 8vo. 1768.*-^ee Directions for making Re^ 
fluting Telescopes by Mr. Mudge, vol. Ixvii. of the 
Phil. Trans, p. 297 — and Mr. J. Rams den's Observ«i^ 
tions on Cassegiain Telescopes^ in vol. Ixix. p. 425. 

The perfection of a Speculum consists in its Figurd, 
its Weight, (ita reflective power being in proportion 
to its specific gravity,) and its Whiteness. — See Mar^ 
tjm's New Elements erf* Optics, 8vo. 1759. 

The Colour of the MHal is very important; in a 
fine white' <netal we see the diffident colours of the 
Moons of Jupiter, 8cc. — which are not distinguish^ 
aUe in tarnished Metals and those of a yellow faue^ or 
in Object-Glasses which are notp^ectly Achromatic; 

" 7^ Polishing of the Speculum, is the most dtf-^ 
ficult part of the whole process; for every experi-^ 
enced workman knows to his vexation^ that the noost 
trifling error here will be sufficient to spoil the figure 
of his metal, and render all the preceding caution 
usdess."*— MuDGB on Reflecting Telescq>es in 
^. vi. p. 317 of Phil. Trans. — and see the Revt 
John Edwards and Dr. Maskelyne's Directions 
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fot making and adjusting of Reflectors in the AjSpen^ 
dix to the Nautical Almanack for 1787. 

But the performance of the Telescope , depends 
much more upon the Figure of the Metal^ than 
upon the Polish of it — and the Workman has oflten 
infinitely more trouble to make a good-looking 
Speculum^ than a good-acting one. . To obtain both, 
is as rare, as it is to meet with a human. Head of 
which you equally admire the outside and the inside. 
I do not assert this without having had experience 
that I am stating the Truth. 

. I have a favourite one foot Reflectpr made, by Mr. 
Watson, which being a very perfect and portable 
Instrument formerly accompanied me as , my travel- 
ling Telescope :— on my return ^ home : after a trip to 
the Sea Side,.! found to my gre^t concern that' the 
Large Speculum was spotted all over v as if it had 
^ught the . Small Pox : having then not had. much 
experien<ce in these things, I concluded that the Metal 
was quite spoiled, and had a New one made — how- 
ever, on comparing the New Metal with the Old 
one, to my extreme astonishment I found my Old 
friend the Small Pox Speculum still shewed Objects 
decidedly brighter than the fair-faced New one 
did. This, apparently unaccountable fact, is easily 
accounted for. The quantity of light lost by the 
spots OA the old Speculum was more than com- 
pensated by the exquisite perfection of its defining 
power- — the harmonious action of eveiy part of .the 
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old Speculum produced, that brilliant vision which 
the less perfect figure, of the new one failed to pro- 
duce, notwithstanding its polish was more pei-fect. 

On the 25th August, 1807, when the Duke of 
Richmond's Instruments were sold at Mr. Berge's, 
the Optician, in Piccadilly, — I saw the 7 feet New- 
tonian Reflector with a Speculum 6^'^ths inches in 
diameter, and made by Dr. Herschel, and for which 
the Dr. had 210/. ; in this Telescope, the Stars ap- 
peared as very small points, with scarcely any sen- 
sible diameter, , without any, rays. Sec. from them. I 
took my Beauclerc, which has a triple Object-Qlass 
of.S^ths inches in diameter, to compare with it — 
the Reflector was much lighter and pleasanter vision — 
notwithstanding that the Metal was very much tar- 
mhed — this JNewtonian was one of the finest tele- 
scopes I ever saw, and was purchased by Mr. Thoul- 
den for 83/. 

It is of the utmost consequence to the perfection 

of Reflecting Telescopes, that the Mirrors be placed 

tmly parallel to each other, and that the centres of 

^^» together with the centres^ of the Eye-glasses, 

be all in one direct line ; viz. in the axis of the tube : 

wdess this bievery carefully attended to, the Instru- 

°^t will appear indistinct and imperfect, especially 

™n turned to a Star, even though the Mirrors 

^^ the most perfect figure and most perfect polish 
possible. 
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: That truly excellent artist, Mr. Jambs Shobt, 
always took the gieatestcare to, adjust '^ and centre 
the metals of his telescopes, which he termed 
'* Marrying of them/' 

'^ Mr. Short used to proceed by first making his 
liarge metal as nearly c<Ha*ect and parabolical as be 
could, and tl^, fixmi a^ number of Small metals, to 
select, by trial, Ithat which cofrected the large o»e ib 
the best mami,er«"— Br« Re£s^s -New Encyclopedia, 
¥qL igExr. Part I. Article Telesc&pe, in which th^ 
Reader w^ find jxiuch information , ^i. t^at sub- 

*^ You witt perceive a sensible diffbrenoe in tt^ 
sharfmesa of the image ui^er i^tj^^renf positions of 
tke. Great J^ecubun ^th respect to tiie little one, 
lyjr turning TJyuhd the great metal in iti cdl, and 
opposing dt^rent parts of it todiffei^nt p^ts oCthd 
little metal, correcting by this means the errot of one 
by the other^ This attempt should be perse^ed 
in for some time, turning roU|id the Great Specu^ 
lum about ^ at:a; time, and carefully observing &® 
most distinct situation^ each time the Eye-piece is 
screwed oh : when^ by ^ trying and turning the great 
Mcital aU'round, the distinctest position is discovered, 
the upper part of the Metal i^ould be marked with 

• See particular directions how to adjtat a Rejhctin^ iTeU' 
scope f in the Appendix to the Nautical Almanack for ITSf. 
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a Uack stroke^ that it may always be lodged in the 
cell in the same position. This is the method Mr. 
Short always used ; and t6e caution is of so* much 
consequence^ that he thought it necessary to mention 
it very particularly in kis Printed Erections for the 
Hk rf the Instrument. Mr. Short also frequently 
corrected the errors of the Great by the Little metal 
in another way. If the great speculum did not 
answer quite well in the telescope^ he cured that 
dafect sometimes by trying the effect of sereral 
oKtals successively^ by this means correcting the 
errors of one by the odier; for in several of his 
td^scopes which have passed through my hands, 
when the sizes and powers have been the same^ I 
hn ftmnd that the great metals, though very distinct 
in their proper telescopes, yet have, when taken out 
aod changed from one to the other, spoiled both 
t^copes, rendering them exceedingly indistinct, 
which could arise from no other circumstance. For 
this reason I suppose it was, that he kept ready 
&U8hed^ a great many large metals of the same 
'ocal lengthy so that^ when he wanted to mount a 
telescope, he might from a great choice, be able to 
comtine those metals which suited each other best. 
I am s^ongly inclined to believe this was the case, 
not only from the above observation, but becau^ he 
shewed me himself a box of finished metals, in which 
I am sure tibere were a dozen and a half of the ^ame 
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focal length." — Mr. J. Mudge on Reflecting Tele- 
scopes, from the Phil. Trans, for 1777. . 

If the Mirrors are perfectly well figured, and are 
truly centred and adjusted to their best position, a 
fixed Star, when the Telescope is put out of focus, 
should appear, in -Reflecting Telescopes, as a round 
luminous circle with a black spot exactly in its 
centre; — when the Telescope is adjusted to distinct 
vision, the Star will appear, (if the Telescope is 
excellent, and the state of the air favourable,) exactly 
Round, and totally free from all irradiations, or false 
rays and glare. When the Image becomes indistinct 
at points of the tube equally distant from the point 
of distinct vision as the Eye-tube is put in or out 
from its focal point, it is considered one of the best 
tests of a good Telescope. 

No object is so proper to determine the excellefice 
and the adjustment of Telescopes, as the Fixed Stars, 
as the least irregularity in the adjustment of the 
Metals in Reflecting telescopes, or of the Object- 
glass in Achromatics, is rendered by them exceed- 
ingly conspicuous by a false glare, and by their not 
appearing perfectly round. 

To expedite the difficult business of adjustment, 
various substitutes for Stars have been contrived by 
which to adjust telescopes during the Daytime — 
but I have been assured by several candid practical 
Opticians that none are to be dep^ded upon. 
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One of the most curious reflecting telescopes I 
have ever seen, is a Dumpy Cassegranian made by 
Mr. Butt, of Bath. It is of eight inches aperture,' 
and onljr sixteen inches focus. I saw « Geminorum 
with it, very neatly defined as two points. The in- 
strument was not then finished, and only one Eye- 
tube was glassed : with this it performed very well, 
and promised to be a fine Telescope. 

1 have a little dumpy Gregorian of only Two 
inches aperture and barely Four inches focus, made 
by Mr. Cuthbert, which shews Jupiter and Saturn 
beautifolly sharp, and defines some Double Stars in 
the neatest manner, with a power of 130; the se- 
paration of the Two Stars of Castor is extremely 
distinct. — See Obs. thereon in Chapter XX. on 
Oottfi/c Stars. 

About 25 years ago I had some Reflecting 
Telescopes made for me by Mr. Gary, optician 
Mid mathematical instrument maker, in the Strand, 
one of which was a Newtonian of 7 feet focus, 
^ the aperture Six and -/^ths inches; another 
a Gregorian of 7 inches Aperture and 27 inches 
focus. 

I had also a Newtonian of 7 feet focus, with a 
Metal of seven inches, made by Mr. Watson. 

I had a Gregorian, made by Mr. Tulley, of 
Twit's Court, Upper Street, Islington, of 7 infches 
aperture, and 27 inches focus. 

The Instruments were got up on purpose for mei 
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at an unUmited expense, and from the acknowledged 
ability of ihe makers, there can be no dcmbt that 
all care was bestowed on them ; and, they performed 
extremely well in the Daytiine, and e]dnbU3ed 
Jupiter and Stdum in a brilliant and beautiful 
manner; — their aperture being so large, they illu- 
minated Satttm, especially the Belts and the Black 
list on the ring, as it was fcfrmerly called ; or, as it 
is now called, the Division or spiace between the 
Rings, in a very satisfactory style. I think that the 
Vision with the Newtonians was easier than wilb the 
Gregorians ; and most pleasant with a power of 
about 213. A lower power does not magnify Enough; 
higher magnifiers do not afford sufficient Hght. 

However, I could not always get all these. Re- 
flectors to perform so well as a fine Refractor, when 
turned to fixed Stars, which some of the Reflectors 
sometimes shewed with m(»re or less of felse light 
s^bout them, when in the same finre minutes I haTe 
seen them with my Achromatic, perfectly free from 
aU accompaniments, round and sharply defined, Uke 
little Planets. 

However, in justice to the Makers of these In- 
sjtmm^ts, I must here note, that they were not 
made expressly for examining Double Stars — ^which 
pursuit 30 years ago had hardly come into fashicm : 
2^ unless a Telescope i^ ordered especii^y for that 
purpose it will very rarely well define those elects.' — 
See I)r, Hebschbi^'s paper " On the causes ^tdiich 
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affect Mirrors so as to prevent their shewing Objects 
distinctly." 

'Mt must be noticed, that few Specula or Object- 
glasses are so very perfect as not to be affected with 
some rays or inequalities, when high powers are used, 
and the object to be viewed is very minute." — Dr. 
H£RSCHEL/in PAs'/. Trans, vol. Ixxxviii. p. 69. 

When a Telescope is pointed at a Star, the least 
Defect in the figure, or adjustment of the metals in a 
Reflector, or of the object-glass in an Achromatic, im- 
mediately stares in your Eye, — the Star not appearing 
Tound^ but surrounded by false lights, radiating points, 
and little flitting luminous accompaniments. 

They make their appearance in a Periwig, — instead 
<^ presenting' themselves cles^ shaved, — or like round 
Silver Span^es on a bit of Black Cloth. 

Sir Williaim Herschel advises those who wish 
to examine the closer Double Stars, " to pre- 
viously adjust the focus of their Gkss with the 
utmost delicacy, on a Star known to be Single, of 
as nearly as possible the same Altitude, Magni- 
tude, and Colour, as the Star which is to be exa- 
mii^, carefully examining the circumstances of the 
Star they adjust by, whether it be round, and 
veil defined, or surrounded by little flitting appen- 
dages wKich keep playing about the image of tlie 
Star, varying in their appearance as it pasi^es through 
the^ field, or' rraiaining fixed to it uniformly the 
same/' 
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These imperfections of the Object-Glass, wr 
Object-metal, or Eye-piece, may be detected by 
unscrewing, or turning them dbout in their ceUs^ 
, They have occasioned inexperienced starrgazeiB to 
make many discoveries of blazing Stars, Comets, 8cc : 
the following is a specimen :— 

'' A few evenings since, a gentlemaaloddng at the 
planet Jupiter through a telescope, observed a lumi- 
nous appearance at a small distance bdow the planet, 
in shape approaching to the arc of a circle of about 
90 degrees or more; the horns pointing to the 
horizon; l^e rim narrow and hair>-Uke, something 
resembUiiig the moon two or titree da3ra old, but of a 
very pale whitish colour : sometime, however^ much 
jQopre; vivid and brittiant« This appearance has no 
doubt attracted the attention of aatronomeiai, as 
it still retains nearly the liame position ia the 
heavens." 

The above vvas in, ike Mourning Post, July 23, 
1817. I .sent the foUovnng to the Editor.. 

THE PLANET JUPITER. 

ilfrv £deVor--The appearance of the plfliiet^^J^^ 
noticed in your paper of. the 26di inst,, is tiothmg 
mc^re' than an optical deluskm, arisihg. frtMQa sopns 
defect in the telescope of the gen^tleinsui whq^ 6|>t 
seped it* If he turn hk glass to a^y fixed: star itf 
the first magnitude, he will probably find th^^same 
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appendage to it as he has seen to Jupiter, which is 
occasioned by soihe defect in the figure or adjust** 
ment of the metals in reflecting telescopes, or of the 
object-glass in achromatics. Dirt upon the eye* 
glasses may produoe thor same effect. 

I obseired Jupitir last night with the celebrated 
adiromatic ctf 46 inches foens^ with a treble objects 
glass of 3| inches aperture, (which was originally 
made for the Hon. Topham Beauclerc,) which I pur- 
chased at the sale of the astronomical Mr. Aubert. 
With this well-know|i a|i.d perfect instrument, charged 
with a power of 15Q times, there was nothing imusual 
in the form of the planet, which appeared well defined. 

I am. Sec. 

July 25, 1817. W. K. . 

A difiBicuk object to define in the Daytime, and 
perhaps the best t^ to try the distinctness and 
eooectness of our Instruments, is the DiaUplate of 
a Wjatch when the sun shiiies upon it, placed about 
100 leet from, the glass, as is also a Weathercock^ 
which has tight all around it. — (See Ohaptet XYI^ 
^^-Cirniparmg Teleseop^.) 

In the Appendix to i}i& Nmiiical Alman(U:k fot 
1787y aie " Directions for making the best com|)o- 
«tion foi; the metals of Reflecting Tekseopes^ tmd 
the mediod ' of Casting, . Grinding^ Polishing^ wad 
giving them the True Parabolic Figute^ \tf <t^ 
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Rev. John Edwards, B.A.; published by order of 
the Commissioners of the Longitude.'' 
^ In which Mr. Edwards observes, that " to produce 
an equal effect, the diameter of the aperture of a 
common Reflecting telescope must be to that of an 
Achromatic telescope as 8 to 6— but that by a careful 
experiment, he found that Mr. Edwards's metal, 
which was composed of 

Copper 32 parts 

Tin 15 

Brass 1 

Silver 1 

Arsenic 1 

of seventy-one mixtures, was by much the hardest, 
whitest, and most reflective." 

** Mr. Edwards's metals shew a white Object per- 
fectly white, and all objects of their natural colours, 
very different to common reflecting telescopes, which 
give a dingy appearance to objects which they 
shewed as bright as a Treble Object-glass Achro- 
matic, both being put under equal circumstances of 
areas of the apertures of the Object^metal and Object- 
glass, and equal Magnifying powers."--rSee Chap- 
ter XVII. on Illuminating Power. , : x 

The following is an Extract from Mr. Va^iley's 
account of Lord Stanhope's Telescope, in the 
Journal of Arts &r January £md February 1820, 
'Pp. 48 aad 116. 
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'* In order to have the Glass, of which his lensed 
were to be made, equally good, and of the same re- 
fractiye power, he purchased a large plate, and had 
it cut into slips for that purpose; so that having 
once ascertained its refractive power, arid carefully 
measured the radii of the tools in which it was to 
be ground, he could be sure of the foci of the 
various lenses which he intended to be made. He 
paid equal attention to the composition, casting, and 
working of his metals. For this purpose he pro- 
cured a siifficient quantity of purified copper and 
tin; and for casting them his method was different, 
and much superior to that in common use : instead* 
of nielting the metal in common melting pots, .and 
then pouring it into moulds made of wet sand and' 
loam, he melted his metal in a vessel or pot made of 
cast iron, a, Plate V, fig. 4, with a pipe of the same 
material, b, inserted into a hole in the bottom, and 
rising a little above it, as at c, its lower end being- 
well fitted into the cover, or upper part of the riiould, 
i> which had a rebate, e e, to receive it ; the mould, 
with its cover, pipe, and melting pot, being placed 
^pon a large iron grate, upon which was built a fire- 
place, made of loose bricks not closely joined, in 
order that a sufficient quantity of air might be ad- 
nutted, and large enough to receive a proper quantity 
of charcoal for melting the metal. The hole in the 
bottom of the melting pot, was stopped up by a plug 
or stopper, b, made of wrought iron, the lower end 
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being a little conical,, and made to fit the hol^ of the 
pipe at c, and surmounted Tvith th^e ^anch g; Aim 
plug or stopper wa& made long enough to reach a 
few inches above a loose cover made to eo^er thelop 
of the melting pot, which had a hole in the middle 
for this plug to pass easily through. 

" As it is desirable to know when ihere is a suf** 
ficient quantity of melted metal, the following method 
will determine that near enough. There is always 
some scoria at the bottom, as well as Bome floating 
Upon the melted metal, neiUier of which must be 
suffered to enter the mcnild : the first is pmvented by 
die pipe 6, standing up a Utde above the bottom, a» 
shewn in the figure; the latter, by haying more metal 
than will fill the mould ; this may be ki^own by first 
putting the plug into its place^ and then putting in 
as much dry sand as will rise a little above ,th^ flancfa, 
g, and then fill the mould with dry sand, which add 
to that already put in the melting pot, and notice 
the height which the two portions of sand occupy, 
sgid that will be a sufficient guide. Then pour out 
the sand, and put every thing in its pl^ce ; put in a 
first quantity of metal, and put on the loose cover,; 
after that nearly fill the fire-place^ with cfaarcomi, 
upon that some charcpal already ignited, and then 
more charcoal to cover the whole. I ought to have 
said, that the bottom of the fire-place should have 
some loose pieces of bricks put in it to fill it nearly 
to the bottom of the melting pot, to prevent the 
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Upper part of the mould becoming too hot, which it 
would otherwise do. And for that reason the fire 
should be hghted at the upper part first, which may 
be promoted by a pair of hand-bellows, and the 
metal will soon be melted, and more added until 
there is enough. When that is obtained, and the 
metal melted, it may be let into the mould by raising > 
the plug a little, but not so much as to raise it quite 
out of the pipe : this is done best by having a pin, h, 
in the phig, a little above the loose cover, m order to 
apply a rod of iron as a lever, by which the plug 
may be raised until the metad is seen to run into the 
mould, and when that is full, the fire should be re- 
moved as quick as possible by removing die bricks 
of which the fire-place was built, and the whole to 
be left until all is cdd. By this method I cast many 
metals. for his lordship, which proved better than 
JMiy which I have ever seen cast by any other 
means. 

" The metal should be previously prepared and 
granulated in the following manner, and in the pro-^ 
pwtion of thirty-two parts, of copper to fourteen of 
grain tin; the copper to be melted in a common 
melting pot in a wind furnace, and then the tin 
melted in an iron ladle, and poured into the melted 
^pper ; and after stirring it with an iron rod, the 
^le should be quickly poured into a vessel of 
^ water by a gentle stream, and it will be found 
granulated and made convenient for introducing 
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into the melting vessel. I could give sufficient, 
reasons for the whole of this process; but it. will be 
enough to state> the metal will always prove good 
when so managed. 

" The tin will mostly be found in too small a quan* 
tity in the above proportions ; but as different sorts of 
copper require different proportions of tin, the. proper, 
quantity can only be known by making a. trial, which 
is most conveniently done in the second melting, by. 
taking a small quantity out. of the. melting vesseL 
with an iron ladle, having, an upright handle : half, 
an ounce Will be quite sufficient ; when cold, grind, 
it upon a. plate of metal with a little fine emery, ta. 
discover whether it breaks up top much to bear grind- 
ing ; afterwards break it, to judge of its strength, 
and colour, which may be done in a few minutea : 
more tin may be added, if required, a little at a time, 
until it is brought to. a proper state for working. By. 
working, I mean grinding and polishing. 

'' Nothing that I have yet mentioned deserves the 
name of difficult, compared to the last operation of 
grinding and polishing ; particularly in the working, 
of Flat metals, such as the little metals for a New- 
tonian telescope. 

*' I have known one of the most experienced work- 
men bestow the labour of three weeks upon one of 
these, and, after all, he owned to me it was not flat ; 
this metal was not more than two inches in its trans- 
verse diameter. But to obtain any thing perfectly 
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flat, or straight, or square, or round, or spherical, or 
any other figure, is riot within the reach of Human 
Industry/* 

The late indefatigable and ingenious Earl of Stan- 
hope had a plan for constructing a still more stupen- 
dous Optical Instrument than even the 40 feet 
Telescope of Sir Wm. HerscheL Mr, Varley in- 
forms us, in page 36 of No. 1, January 1820, of the 
London Journal of Arts and Sciences, that " his 
Lordship's vast design was no less than the construc- 
tion of a Telescope of 384 feet in Length, with Re- 
flectors 6 feet in Diameter. 

'* The observer may sit or stand in a warm room, 
and, without ever changing his position, observe 
more than one half of the horizon, the object appear- 
ing directly before him, however elevated it may be 
in the heavens ; thus continuing in the easiest pos- 
ture and without ever being exposed to the open air. 
No other telescope affords these very desirable ad- 
vantages. 

' ** In other telescopes, the smallness of the eye- 
glasses is very objectionable where higUy magni- 
iying powers are wanted ; in compoimd eye-pieces 
particularly, (which are by far the best,) it is next to 
impossible to obtain them small enough. In the 
Stanhope telescope, the greatest powers can be ob- 
tained with glasses of not less than two inches focus ; 
which are of a size much more manageable in every 

f2 
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i^espect. Opticians will, I believe, think this im- 
possible, but I can assure them it is strictly true. 

" In other telescopes, the eye-piece requires a very 
nice adjustment, as well on account of the difference 
in eyes, as the greater or less distance of the objects 
themselves ; but in this instrument no such nicety 
was required ; for with the same situation of the 
eye-piece, objects placed at sixty yards, or any 
where in his lordship's extensive park, or upon 
the Vine at Sevenoaks, which I think is a dis- 
tance of three miles at least, were distinctly seen; 
nor did it require to be adjusted afresh for different 
observers 5 and what ia more extraordinary, he would 
pull out or push in liie eye-piece more than twelve 
inches without producing any perceptible indistinct- 
ness : his lordship thought this of great importance. 

''But what will surprise opticians the most, is 
the result of the last Experiment which his lord- 
ship ever made, on an Evening in January 1816, 
after the Sun was set. The object was a watch-dial 
placed at the distance of sixty yards from the tdie- 
scopes ; and when it was too dark to see the dial 
at all with a Gregorian telescope of six inches aper- 
ture, and which had a metal of ajl excellent com-r 
position, with his Telescope of 192 feet fecta, having 
the Aperture reduced to three-quarters of an inch^ 
and charged with 9l. Power of three hundred times^ 
his lordship, as well as myself^ ^goA several others who 



were present, could read the figures^ and the small 
dots between the minute figures on the dials, the 
experiment being tried upon several : the dials ap- 
peared as though some artificial light had been 
thrown upon them, when, in truth, there was no 
such thing, nor any other artifice used. Now, in 
the common construction of telescopes, metals reflect 
and glass transmits Ught in proportion to their areas, 
or as the square of their aperture, which in this case 
was as sixty-four to one ; so that the effect was pro- 
duced by the peculiar construction of the instrument, 
and can be attributed to no other cause.'' 

Mem. I do not insist upon my Readers believing all 
the above. W. K. 

For delineating all kinds of objects. Animals and Birds that avoid 
a near approach, the expression of groups of people in conversation, 
which the gaze of a stranger would disturb. 
Portraits, Shipping, Views of Towns, Architecture, &c. may all 

be traced with equal ease and in true perspective. 

« 

Prtem,niMmMl plain. BettmounMU 

Fint S^ £5 5 ....... £8 8 

Secondditto 8 18 6 14 14 

Third ditto^ best mounted . , 18 18 23 2 

Portable Table, quite steady . 5 50 7 70 

These Instruments are made and sold by the Inventor, 

CORNELIUS VARLEY, 

Srl-XJpper Thomhou^h Street, Tottenham Court Road, London* 

\*Ijkenssa& drawn with the Instrument in chaUt or pencil, at 

One Guinea and upwards* 
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The late Astronomer Royal, Dr. Maskelyne, in the 
Preface to the first vol. of his Observations, has re- 
corded the following comparison, " the result of many 
Observations* made with an excellent Achromatic 
telescope of 46 inches focus, with a treble object- 
glass, the work of Mr. Dollond, and a six feet New- 
tonian reflector made by Mr. Short, and a two feet 
Gregorian reflector made by Mr. Edwards. The Six 
feet reflector seemed to have the advantage of the 
achromatic telescope in observing the eclipses of 
Jupiter's first satellite by 13 seconds — and over the 
two feet reflector by 20 seconds; shewing the im- 
mersions so much later, and the emersions so much 

soonerf. 

" The diameter of the aperture of the six feet New- 
tonian reflector is 9.4 inches; — that of the two feet 
Gregorian reflector is 4.36 inches ; and that of the 
Achromatic telescope 3.6 inches. '' 

The preceding comparison of the achromatic and 
the reflectors, does not go to support Dr. Maskelyne's 
assertion, that Mr. Edwards's Metals reflect as much 
light as Glass transmits, — ^the immersions of Ji/pt/er's 

* It should always be stated with what Aperture and Power, 
Observations are made — and at what distance the Objects were 
from the Meridian, and the day of the Month and Year— 
W. K. 

f This will, in some measure, depend on the distinctness of the 
telescope, and the sharpness vdth which it defines the Planet, and 
its Magnifying Power. 
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moons being seen seven seconds later than with the 
Gregorian reflector, whose aperture was nearly an 
inch larger in diameter. 

I have had many Reflectors made for me by 
various artists, some of whom professed to make their 
metids after Mr. Edwards's recipe i and others, whd 
used some compound of their own, which they thought 
still more brilliant and reflective ; but I am quite certain 
that none of them shewed Objects more than half as 
well illuminated, as a fine Achromatic of equal aper* 
ture did — ^in what precise proportion the Light trans- 
mitted surpassed that reflected, I never shall pretend 
that I can tell the Reader exactly — but it is my own 
opinion and that of several scientific persons who saw 
the trial of my Telescopes — that the Illuminating, 
power of an Achromatic to a Reflector is as 2 to I, 
that is to say, the intrinsic brightness of the pencil 
of Rays from the former is double that of the latter. — 
See Chapter XVII. on Illuminating Power. 

It has been proposed, that Dr. Maskelyne's experi- 
ment may, perhaps, in some degree be proved, by 
charging a Gregorian with a power of 60, and an 
Achromatic glass of equal aperture with a power of 
80 times: — and that in proportion as the Instm- 
ments then exhibit objects with an equal degree of 
brightness,^ — ^will be the accuracy of Dr. Maskelyne's 
position as to their respective Illuminating power; 
but, as I have observed in the Chapter on Illumi' 
mtxf^g Power y the increase of the impediments to 
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Vision fVom the Medium which we look thtOUgh i»- 
creases in so high a ratio to the magnifying Power, 
as to prevent such a compariswi 

One cause o{ Gregorians being complained of as 
being dark, and of the difficulty of finding an object 
with them, is« that they are generally made to Mf^<- 
nify much more than Achromatm; and the field ot 
inew is in inverse proportion to the Magnifying 
power, and also from the Tube being much shorter, 
it is comparatively more difficult (as every Sportsman 
knows) to take aim with them. 

The opinions I offer on the JUuminating powers of 
Telescopes are, to the best of my knowledge and 
belief, as near the truth as my Eye has the faculty of 
judging. 

In whatever I have written, my predominant mo* 
live has ever been, a desire to candidly communicate 
to others, the informatiiHi which I fancy I have 
gleaned by long and exp^iisive experience. 

The Highest magnifying potoer a Gregorian Tele-- 
scope will carry for Day purposes, without ov^- 
balancing its lUumimUing power, i« e. without the 
vision being more obscured by the subtraction of 
Light, than it is assisted by the addition of Magni- 
fying power, will be given by reducing the diameter 
of the large speculum into. Tenths of Ii^ches, and 
multiplying the sum by 2 or 3. 

For Planetary observations, by 3 or 4, (this ^Eule 
will give you nearly the same Numbers that you will 
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find in Sir L Newton's Tables at page 720 tiao^ or 
lesg^ according to the figure and reflective pow^te of 
the Specula^ and the condition they are in» — eepe* 
ciaUythe state of the Small Speculum. This rule 
(Oiy applies where the application of it does not 
produce a power of more than 260 times — which is 
the utmost that the Atmosphere of this Country ever 
permits us to apply to Planets: — this is fully ex* 
[dained in the Chapter on Illuminating Power. 

It is almost needless to obsenre, that highly po* 
lished Metals of a perfect figure^ will r^ect more lights 
and shew objects more brilliantiy, than tarnished 
Specula^ originally of a bad composition, and per- 
haps of rather a queer figure at first# 

The Smcdl Specula should be closely covered with 
Brass caps fitting close upon them — and then packed 
in a Box with the Large Speculum — which should 
be kept in a dry place, and occasionally examined to 
see if it gets tami8hed« 

Specula are very easily and irreparably in^ 
jured— *by a Blow or a Fall, although there may 
be no perceptible miurk of such injury except in the 
deterioration of the vision. 

llhaninating Power (like other things) is most 
accurately estimated when it is most wanted, i. e* 
on very minute objects, and such as are badly 
tightedup. 

The advantage of a Large Tele$cope is most ob* 
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vious, if the comparison is mode at the close of day: 
as darkness comes on, the superiority of Illuminating 
power will become more easily visible. — See 
Mr* TuUey's Letter in Chapter IX. on Cassegrafdans, 
and XVI L on Illuminating Power. 

Distinctness is frequently misnamed Light and 
brilliance. A fine Telescope is said to be remarkably 
light, because all the rays, by the Mirror or Object- 
glass being ground perfectly true, unite at one point; 
this uniform action produces the same strong effect 
as the equal bearing of every fibre of Captain Hud- 
dart^s Cable, of which every thread pulls. 

*' Crown-glass is the most proper for the Eye- 
glasses of Reflecting Telescopes, as it is the most 
pure glass made in this country, and, notwithstand- 
ing its colour, transmits more light than even flint- 
glass — Objects may be seen through a much thicker 
piece of crown, than of Flint-glass." 

" The combination ofthe colour of the Crown-glass, 
and of the light reflected from the Metals, shews ob- 
jects of their natural colour, and totally free from all 
dingy or yellowish tinge. An Eye accustomed to use 
a Crown-glass eye-piece will never like any other, the 
Vision is so decidedly superior." — See Appendix to 
the Nautical Almanack for 1787. 

The eye-tubes of Gregorians are generally formed 
of two glasses, and the causes which enable them 
to cftrrymore magnifying power for Astronomical 
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Uian for Day purposes, is the viyidness of the 
objects augmenting the brightness of the pencil, and' 
their being farther removed from ihe Vapours which 
float near the Horizon. 

It is not the mere diameter of the pencil, but the 
quality of it, that stimulates the Eye, which is as 
much excited, and as perfect an impression is made ^ 
on the retina by a vivid pencil of light of ^th of 
an inch diameter, as by one of inferior brightness of 
^th of an inch diameter. — See the Chapter on 
Illuminating Power — and the comparative bright- 
ness of the Pencil of rays from Achromatics and 
from Reflectors. 

The hole in the large mirror of the Gregorian telescope, 
when the diameter of the metal does not exceed three 
inches at least, is so great a deduction, in proportion 
to its aperture, that it is not fair to compare the 
respective Illuminating powers of Reflectors and Re*^' 
fractors, with a metal of less size. 

For Gregorian telescopes under this size, an Eye- 
tube containing only one eye-glass has been recom- 
mended, from its transmitting more light. Dr. Her- 
schel, in one of his observations, speaks of the 
decided superiority of the single Eye-Glass, when 
applied to his Newtonian. — See the Chapter on 
Galileans and on single Concave and Convex JEye- 
glasses; and Phil. Trans, vol. Ixxii. p. 95. 
Reflectors of Newton's construction are considered. 
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to be decidedly mote brilliant thaa Gregory^Js^ be- 
cause more light is reflected by the Plane* small 
speculum of the Nei¥t(mian, than by the Concave 
small speculum of the Gregorian ;* — and in the Niew- 
totiiau^ all the Mj^ifying powers being produced by 
changing the Eye7pieces, may easily be made equally 
goody and admit of the aipplication of almost an end- 
le9s variety of Eye-glasses. 

Another great advantage of the N efwtonian Tele- 
aeope is that its Eye-pieces are imencumbered with 
Eye-holes — and all kinds of single aind compcmnd 
Eye-tubes may be applied thereto, and it affords 
an opportunity of proving the peculiar properties and 
powers of every kind of lens* 

The Makers of Gregorian or Cassegranian 
Tel&ioopes, say that those instrumepts cannot be 
made equally perfect with the extremely LO w and ex* 
tremely high powers, if the change of magnifying is 
produced by changing the small Specula — ^which are 
sddom equally good. 

I have heard the superiority of Short's Re- 
flectors attributed to the patient industry with 
which he worked his Large metals, and the very 
great care he bestowed in adapting the Small spe» 

^ * This, I am told, is a most difficult thing to obtain ; and most 
of those that pass for planes, are in fact, either Concaves or Con- 
vexes of thirty or forty feet focus. — See note at the end of the 
5th Chapter on Diagonal EyC'tubes. 
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culom to the large one; he made a great many 
small specula of the same focus, and tried them 
one after the other, till he made a good match. 

It would much improve these instruments, as well 
as render them more convenient for use, if Eye-pieces 
were employed as in the Newtonian, (see an Accoimt 
of the Three or Four Feet Gregorian in the fol- 
lowing Chapter) : still the Newtonian would be su- 
perior for astronomical purposes, from the greater 
quantity of light it reflects, and from the pleasant 
position in which we observe, especially for viewing 
.objects in high altitudes, when, instead of almost 
dislocating one's cervical vertebrs^ — we look com* 
fiortably straight forwards* 

Th^ Newtonian stand, as now made, with Four 
Feet, on Castors, (which ingenious piece of mecba* 
Qism was contrived by Dr. Her$chelp) still admits of 
improvement, by being placed on Three feet, two 
behind on Csp^tors, and one before without a Castor* 
I have thus altered the stand of my Herschel New* 
toniafi, and it is much more steady than when it had 
Four feet,— r one of which was ahrays Dancing* — 
See in Chapter VIII. on 7 feet Newtonians, anaccount 
of Mr. Newman's Improved Stand. 



CHAPTER VII, 

GREGORIAN REFLECTORS. 

The smallest Gregorian Reflector that is usually 
• made^ is 

THE 1 foot; 

this has an Aperture of 2 J inches, and has generally 
one Eye-tube, and Two small Speculums magnifying 
about 50 and 90 times. — Two Eye-tubes would be 
much better than Two small speculums-^— because they 
are easier changed, and the lower power may then serve 
for a Finder to the high power ; I advise this, espe- 
cially if the Instrument is to be used for Astronomy : 
for I have always found it impossible to change the 
Small Specula without a light to shew the Eye how 
to direct the arm to the groove, which carries the 
small metal, and the light puts the visual organ out 
of tune for several minutes. 

The Vision of this Telescope is superior to the 2 feet 
Achromatic, which has an aperture of 1^^ inches, but 
is not quite equal to the 30 Inch of 2 inches aperture. 

THE 18 INCH, 

with an aperture of 3 inches, is superior to the Re- 
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fractor of 30 inches focus, but is seldom mad^ ; the 
former size Reflector being preferred by those who 
want a Portable Telescope for Day purposes, and those 
who wish a more effective fixed Instrument choose 

THE 2 FEET, 

which has, an aperture of 4 inches, and is as 
powerful a Telescope as our atmosphere, near the 
Horizon, will generally permit us to use for Terrestrial 
purposes, and for use at a Window, is the Instrument 
to be generally recommended — ^its shortness makes it 
much more convenient than an Achromatic, which, 
of equal power, must have an aperture of 2| inches, 
and be of 44 inches focus, as I have stated in my 
Table of " the Comparative Illuminating Powers of 
Achromatics and Gregorians." — See Chapter XVII. 

I have a Gregorian Telescope of 4 inches aperture, 
and 15 inches long, made by Mr. Watson, which 
shews the Belts of Jupiter and the Division in 
Satum^s Ring, as well as I have seen these objects 
in my SJ Achromatic of 2| aperture. 

Tliis Gregorito shews Double Stars (see Obs. on 
Castor, in the 20th Chapter,) with a sharply defined 
disk, like little Plimets. 

The Gregorian of 4 inches aperture is often miade 
of 19 in length, which is very handy, and of this 
length it may be made as perfect as of 24 inches — 
but as the Speculum requires more care in figuring, 
for i^uch shorter instruments the Makers charge more 
money* 
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This Telescope has usually Two Huygenian Eye- 
tubes and Two small Speculums, magmfying 60, 90; 
120, 180 times. I would recommend the addition of 
an E^e-tube of 40 for the Moon, and another tomag*^ 
nify 130 times with the lowest small Speculum — then 
there will be no occasion to change the small metals 
f<9r tehiestrial purposes, or for observing Planets ^^ 
only for examining Double Stars, which require the 
higher magnifying powers, and for which purpose 
it wiU very well bear a power of 2d0, which die Eye* 
pieee that gives die power of 130 to the largest 
Small Spectdum wfll give to the Smaller oi^« 

Each of the Eye-tubes of a Gregorian Tdeseope 
^ay be made to serve the purpose of producmg 
Hiree magmfying powers^^-^by merely having addi^ 
tional Eye^heads — and using the First Eye->glass 
aton^^-^smd the- Second Eye-glass alone «^whieh will 
give powers of similar proportions to the compound 
Eiye^tubeali those mentioned in the account of the 5 
feet Athrmnatie, in Chapteo' IV.— and see also thfe 
word Huygenian Eye-piece in the Index* 

This Telescope must be furnished wit^ a FmAer, 
which should be a 1 foot Achromatic, with an erect 
Eye-tube magnifying 10 times^^^as itwill beusefcQ 
fiur Terrestrial as well as Celestial purposes ^^M the 
vision is erect in the Telescope, it ought to be «rect 
in the Finder also* 

This is the largest Gregorian that cdn be used 
pteasandy on a sim^Ae Pillar and darw stand;- on 
which it must be nicely balanced when the Cowctif 
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the Objectnend is taken off — but this Telescope is 
much steadier when mounted with Raek-work in 
the centre of its gravity ; tiiis increases the eiX* 
pense of the Instrument: howeyet^ if it is to be 
used for Cel^tial purposes^ it will be money wisely 
laid out, for the weight of the Speculum Qthprwise 
soD^times ovefbalances the Object^nd, Bxid renders 
the Instrument very unmanageable. 

THE 3 FEET, 

with an aperture of 5} inches, is the smallest-ti^ed 
Gregorian I would recommend for Astronomical pur- 
poses — especially for viewing the Belts and the Divi- 
sion in Saturn's Ring, which latter is not well seen 
with a less Speculum, — but I advise, the Philosopher 
who can prudently spare £42, to stretch his purse- 
strings a little wider, and give £105 for 

THE 3 OR 4 FEET LARGE GREGORIAN, 

^th.an aperture of 7 inches — ^these, are now mounted 
on excellent Rack-work, and have a portable, fold- 
ing, but very steady tripod Stand, which renders 
them extremely convenient to use both for Celestial 
sod for Bay purposes; and they shew the features 
of Jupiter and Saturn in a very satisfactory man- 
lier; and when perfectly good, they are very Uttle 
inferior, for observing Planets, to the 7 feet New- 
tonians : I think that they are not quite so light as 
Newtonians of the same aperture. 
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This Instrument should have five Eye-tubes and 
at least two small metals. 



Longest Eye-tube 

2d, 

3d, 

4th, 

5th, 



Lowest 
Small Metal. 



45 

80 
130 
180 
250 



Deepest 
Small Metal 



90 
160 
260 
360 
500 



For the application of these Powers, see Chap- 
ter VIII. on the 1 feet Newtonian. 

Gregorian Telescopes are more easily managed 
by Persons not used to Telescopes than Newtonians, 
except for observing those Celestial objects which 
are very near to the Zenith. 

A Nine Inch Speculum may be worked of 27 
inches focus (I have a Gregorian of that size), and 
supported on two arms in the centre of Gravity, and 
fixed on a Block — so as to be as portable as a 7 inch 
Speculum. — ^This might be done for about ^150. 

For the Comparative Powers of Reflecting and 
Achromatic Telescopes, see the Table in the last 
pages^of Chapter XVJL on Illuminating Power. 



CHAPTER VIII. 

OF THB 7 FEET NEWTONIAN REFLECTOR. 

The attention of Astronomers has been so extremely 
excited, by the extmordinary accounts which Sir W. 
Herschel has given, in various Numbers of the Phil. 
Trmi., of the astonishing performance of his 7 feet 
Newtonian, of ft^ inches aperture, that this Essay 
<m Telescopes would be incomplete, unless it con- 
tuned some Observations made with a Newtonian of 
that length and aperture : — at the sale of Mr. Hodg- 
swi's Instruments, one of Sir W. HerscheVs own 7 feet 
Telescopes came into the market, which I purchased 
of Mr. Jones, Optician, in Holbom, who bought it at 
Mr. Hodgson^s sale, at Mr. Sotheby's Auction 
Robms, Waterloo Street, Strand. 

Sir W. H. very justly remarks, that '* The New- 
tonian, as usually constructed, is admirably adapted 
for observation, for the Observer always stands erect, 
and lodes in an horizontal direction, though the Tele- 
scope* should be in a vertical position, and elevated 
to Ae very Zlenith." 

The Position in which it was placed by tins inge- 
nious Asl^ronomer is perhaps still more natural and 
convenient. 

*' My Eye-*glass is mounted on that side of an 

G 
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octagon tube, which, in the horizontal position of the 
Instrument, makes an angle of 46** with the vertical — 
having found by experience that this position, re- 
sembling the situation of a reading desk, is prefer- 
able to the perpendicular one eommonly used in the 
Newtonian construction, which has the capital ad- 
vantage of r^idering observatioiift equally c<»nmo- 
dipus in all altitudes ; and you may thar^ore place 
the Instrument in the meridian, and view the Sters 
in their most favourable position/' — See Phii. Trans. 
for 1786, vol. Ixxv. pp. 457 and 8. 

I have no hesitati^i in declaring, that in the un- 
pleasant {and if long continued, painful) Position 
required in observing Celestial. objects in high alti- 
tudes, with any other Telescope — ^that no Half Dozen 
Observers, even if as Experienced, and %» Expert, 
and as Industrious as the Immortal Hersohsl 
himself, could have performed what that inde- 
fatigable Observer achieved Single-handed with his 
7 Feet Newtonian. 

The 7 Feet Newtonian mentioned in the preced- 
ing page was made by Sir W. H. expressly for 
Mr. Hodgson, who had at that time several very 
fine Telescopes (see the end of the Chapter on Casse- 
granians), and therefore it may be presumed that 
every pi^ns was taken by Sir W. H. to make thi6 7 
feet .w<Nrthy of being c(»npared with Mr. H/s other 
Instruments. 

This Newtonian is fitted up with One Compound 
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£ye-tabe composed of 2 double Convexes — which 
jfia^nifies 76 tunes, the field of which just holds 
the fiill Moon — and 8 other Eye-pieces, each of 
which consi^ of a single double Convex lens, not 
burnished into a cell as Eye-glasses usually are, 
but simply laid in a cell and the Eye-head screwed 
ov;^ than, like as the Object-Glasses of Microscopes 
are fixed — and by Ramsden's Dynameter the powers 
of the 6 first lenses are 94, 157, 197, 242, 350. 

The Three higher Lenses are only useful as evi- 
ctences that Magnifying power beyond a certain 
boundary, does more harm than good. 

Mr. Hodgson several times told me that he re- 
quested Sir Wm. H. to let him have exactly the 
same Instrument in every respect as the 7 feet, 
which was Sir Wm. H.'s favourite working tool — 
and fitted on the same sort of Stand, and with 
exsuctiy the same apparatus and Magnifying powers, 
&c.; but Mr. Hodgson complained to me, that 
the deepest Lens which Sir W. H. had given him, 
was no shorter than the 40th of an inch focus, and 
consequently did not magnify much more than 
Thbse Thousand Times! and that Sir W. H. had 
foiigotten to send him the power of 6450 ! 

Once for all, I will remark, that people are undsr 
a strai^e delusion about this power of 6460. Sir 
W. H. aoly mentions having used it twice in the 
whole course of his writings, which is at a Lj/rm 
and at 7 Leoms.' — See Chapter XX. on Double Stars. 
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Both these Stars I have observed with my 7 fe^t 
Hierschel Newtonian with lenses of the -^^th, -j^ih, 
and -^jfth, of an inch focus, and I must confess that 
all the Eyes that have looked through that Instru- 
ment have agreed with my Eye, that a lens of ^th, 
of an inch focus, which gives a power of 840 times, 
is twice as much as is needful for real use — ^that is to 
say, they are seen more distinctly and are mor'e 
sharply defined with 420. 

This Newtonian of Sir Wm. Herschel's has been 
tried by several practical Opticians, and they pro- 
nounce it to be a very good Instrument — and aftebr 
repeated comparisons and trials of its various powers 
on various objects, I think that it is. 

If I was to (Mrder a Telescope for Astronomical pur^- 
poses, for my own use, I would have a Newtonian, of 
neither more nor less than 7 feet focus; and 7 inchies, 
or, if I could get an Optician to woric it, of 9 indies 
aperture. . - 

Among other advantages which the Newtonian 
possesses, is the greater facility of applying all kinds 
of powers and Eye-pieces to it thian we have with 
other Rdiectors. — A Single Convex — or Concave 
Lens may be applied to a Newtonian witixdiit any 
apparatus of Eye-hole, &c. 

The various advantages of Newtonian Telescopes, 
for Celestial purposes, are stated in various pages in 
this work — where I wrote them down as the facts 
struck my mind ait the moment that I first observed 
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them — in Chapter VI., on Reflecting Telescopes — 
XVII., on Illuminating Power — ^V., on Concave and 
Convex Lenses — IX., on Cassegranian Telescopes — and 
XIX., on Saturn — and see Sir L Newton^s Account 
thereof, and Mr. Hadley's. — I once thought of collect- 
ing the several Obsenrations under this head, — but 
diat would have cost me much time ; however, I would 
not have minded that, if I had been quite sure that 
such a sacrifice 4>f my own time would have ultimately 
saved much to those who need such information — ^but 
persons who really wish to thoroughly comprehend the 
seal and rdative powers of Telescopes^ must carefully 
read the whole of this little Book over and over 
again, if they wish to be entirely Master 6f the intri- 
cate subjects which I have endeavoured to explain, — 
not but that I have taken the utmost pains to write 
down my ideas in as plain terms as possible, but that 
there is such a multitude of strange prejudices, and 
such numberless Vulgar Errors afloat on Optical sub- 
jects, — that only a continued concatenation of reason- 
ing will thoroughly convince and set the mind at rest 
albout them. 

The Tubes of Sir Wm. HerschePs 7 feet Newtonian. 
Telescopes were made of Mahogany : — however well- 
seasoned the Wood may be, still it is so easily, and so 
much, and so continually affected by any change of 
the Temperature of the Air, ihBt to perform perfectly, 
the Instrument must be adjusted almost every time it 
is used — and therefore Persons using such Telescopes 
must learn how to adjust them accurately, or they 
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will be of very little use :-r-to prove the variation of 
adjustment — if you adjust the Finder to the Tele- 
scope in the Morning so exactiiy th&t when an object 
appears in the centre of the Telescope it is exactly 
in the centre of the Finder ; you will rarely find when 
you examine it at night, that they exactly corre- 
spond: I suspect that this deviation ik)metime8 
arises from the change in the position of the Spe- 
cula from the change in the Tube. Sir W. H. was so 
conscious of this that his large metals are adjusted 
by Two Screws : — there should be Three. 

By Sir W. H.'s mode of fixing the Large Speculum, 
it cannot be tajken out of the Tube without totirely 
destroying the adjustment of it— thetefcwre Sit W. H. 
fitted a Brass Cover to it, which is put over it ii^le 
it is in the Tube, to prevent the damp firom tamiah- 
ing it ; and as the Box which holds the Large Metal 
is not secured by a Third Screw, «v«ry time you 
take off the Brass cap which covers the Large Spe- 
culum you unavoidably alter the adjustment of it : 
the Metal is not only loose in the Box — ^but the Box 
being fastened by only Two Screws — both the Metal 
and the Box are continually varying in their 
position. 

I was surprised to find, that after I had adjusted 
my 7 feet Herschel Telescope in the Daytime, and 
that when laying horizontally it was extremely dis- 
tinct, and the metals appeared quite in thw proper 
place, and the centre of the field of the Telescope 
and that of the Finder perfectly corresponded, — that 
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the same ey«iung, on looking at a Celestial Ob- 
ject, when elevated about 35 d^rees, the centre of 
the Find» and that of the Telescope varied very 
much^ and the pencil of rays, instead of appearing 
p^ectly round, as it did in the daytime — was of 
the same shape that the Moon is about 2 or 3 days 
befi»re it is full, and the Small Metal was removed 
considerably £tom the centre of the Large one : ac- 
cordingly, the first fine Moonlight Night I adjusted 
the Large Metal (by turning the screws at the back 
thereof) when the Telescope was elevated to about 
35 degrees — it then performed on several Celestial 
Objects quite beautifully. 

. *' Mr. Hadley supported the great Speculum of 
his Telescope at the back, not by Springs, but by 
Three Screws, directly answering to the Three bear- 
ings on the Fore Part." — See the Appendix to the 
Nautical Alnumack for 1787, page 60. 

Telescopes in Brass or Iron Tubes are not so 
Uable to these variations, and I recommend a Brass 
w Iron tube where fine vision is desired, also because 
the Metals do not require to be continually covered 
up, which they must be in Mah<^any Tubes — or 
they will very speedily be destroyed by Tarnish. 

You will find it conveni^it on first looking through 
it Newtonian Telescope to use the lowest power— 
that is, the Moon Eye-piece, which is generally an 
Huygenian Eye-tube magnifying about 50 times — 
which having a large field, you may eauily find an 
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object with it — and Aen set your Finder rights or 
rather, turn the adjusting Screws at tiie back of the 
large Speculum till the Telescope is right with the 
Finder, which thus serves as a criterion of the 
proper adjustment of the Telescope: — but if the 
deviation in its adjustment be considerable, desire 
the maker of the Telescope to examine it, and see if 
there be not some defect in the construction of it 
which is remediable* 

To examine the Adjustment of a Newtonian Telescope, 

and how to rectify it. 

Take out the Eye-piece — leave in the lengthening 
piece — and screw into that your lowest Huygenian 
Eye-tube, out of which you have taken both Glasses, 
and left in the Eye-hole ; look through this, and if 
the Metals are in adjustment — you will see the image 
of the Small Speculum exactly in the cehtre of the 
Large one — and you will see just the edge of the 
tube at equal distances around the Large Metdl : 
when this is not so, while you are looking in at the 
Eye-hole, let another Person very gradually turn the 
adjusting screws at the back of the Lai^e Metal, till 
it comes right, which you will find you will soon 
learn to make it, mth very little time or trouble. 

Dr. Hersohel informs us that he found by ex- 
periment that " it was impossible to apply Springs to 
a Large Speculum of more than 5 inches diameter, 
because if they were not very stiff they would yield 



^ 
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to the weight of the Speculum in high altitudes, and 
so alter the adjustment; and if they were made very 
stiff, that they spoilt the figure of the Speculum.'' — 
See p. 60 of the Appendix to the Nautical Almanack 
for 1787. 

Dr. H. put his larger Specula into a Brass Box, 
leaving a certain quantity of space for their occa- 
sional expansion. Mr. Tulley informed me, that he 
thinks that the Dr. sometimes allowed too much 
room for their play in this Box, and that that is the 
cause, why his metal, when in adjustment for an 
horizontal position, sometimes, is not in adjustment 
when elevated to different heights. 

Mr. T. had one of Dr. H.'s 7 feet Newtonians 
brought to him to make it fit close in its Box, and 
by so doing he thought the vision of the Instrument 
was improved, and uniform in various temperatures 
and at various degrees of elevation — however, from 
some cause, the Telescope was sent again to Dr. H., 
and when returned from him to the proprietor of it 
die Dr. had again altered the Box containing the 
large metal, and given it its former quantity of play. 

Mr. Tulley informed me, that by his method of 
boxing and adjusting his large metals, that when 
once in adjustment, they remain so ; and may also 
be taken out of the Tube and returned thereto, with- 
out any danger pf derapging their position. 

Much has been said pro and con the respective 

g2 
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advantages of supporting Specula with Springs and 
with Screws. 

Mr. Watson and Messrs, Tulley, in the (Jrego- 
rian Telescopes of 7 inches aperture^ always apply 
brass springs, as decidedly preferable to screws; if 
such Springs are best in Qregorians of that aperture, 
they must be best in Newtonians; — for the New- 
tonian metals are very little heavier than the Grego- 
rians are. 

Springs may by their elasticity admit of that 
self-adjustment of the Speculum in various Tem- 
peratures, which is only accurately obtainable with 
Screws, by altering them as often as the Ther- 
mometer alters, whi<!^h may explain the cause why 
Mr. Mosely, in his Letter to Mr. Tulley, (see 
page 145) complains that his 7 feet Newtcmian will 
not act in cold weather — i. e. if his metal is supported 
by Three Screws which were adjusted in warm 
weather. 

An experienced Amateur of Telescopes observed to 
me, that perhaps the Speculum of a Reflector was 
never of perfect figure except when the Air was of 
exactly the same Temperature as it was at the time 
it was worked — this idea very satisfactorily accounts 
for Reflectors performing best in warm weather — 
because large Metals are never worked but in warm 
weather, L e. above 60 of Fahrenheit. 

Springs have been applied to the Strings of Piano 
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Fortes in order lo ^resenre them in tune^ and I have 
heard with very good ^foct* 

The large Speculum of a Newtonian is generally 
a little heavier than that of a Gregorian — because 
being cast in the same mouldy an^ more of the face 
of the metal being wotked off in forming the deep 
cvurve required in Gregorian Metals^ than it is in the 
shallow one of NewtoniuiS' — and the hole in Grego- 
rians is larger than it is in the Newtonian ; — howev^r^ 
all this is written here merely to shew the Reader 
that the Writer has considered these subjects with 
minute attention ; the difference in weight is of no 
consequence at all. 

The TrenuNrs which old authors talk off ^— must 
have been occasioned by some other cause than that 
alleged, the Springs which supported die large MetaL 

It has been supposed, that the superior Illuminating 
power of Sir Wm. Herschel's telescoped of the New^ 
tonian form, beyond Gregorian Reflectors, arises 
partly, fbom there being no hole in the middle of the 
large metal : — but that portion of the metal which is 
perforated in the Gregorian, is obscured in the New- 
tonian by the Plane Small Metal, which is almost as 
great an obstacle as the Concave Small Speculum of 
a Gregorian* 

That excellent Workman, Mr. Watson, informed 
me, that. he preferred to make a Newtonian large 
metal vnth a, small hole, becaui^e. it was much more 
handy to w<^k, and also that the metals can thereby 
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be muck more easily and accurately adjusted to each 
other, which gives those that are thus perforated 
a chance of being much better Telescopes ; aiid that 
part. of the metal .where the hole is, being hidden 
by the plane Speculum/ they are quite as light as 
those which are not perforated. 

Mr. Watson's plan of fixing the large Speculum 
of a Newtonian telescope is to put it into a Brass 
Box, in the front of which are three Stops, and 
behind the metal are three brass springs directly op- 
posite to the three stops, to keep the metal up to 
them — • if these Springs are not placed directly 
opposite to the Bearings in front, they will spoil the 
figure of the metal. The rim of this Box bears 
against Three stops in the Tube, which are adjust- 
able, and when once adjusted remain so — this Box 
with the Metal in it is placed in the Tube against 
' these three stops, and is kept there by a tail-piece 
which has three springs — which keep the Box close 
up to the three Stops in the Tube, — ^to ascertain that 
they are in the right place, take out the metal, screw 
in the front plate, aiid look in at the Object-end. 

I mention this method of supporting the large 
metal because I had a 7 feet Newtonian so con- 
structed by Mr. Watson — ^which defined a fixed star 
yery neatly, and performed better than any of those 
I have seen which had the adjustment, &c. by 
Screws. Moreover, by this plan, the large inetal ia 
as easily taken in and out as an £ye-tube-^therefore. 
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iniBtead of being either obliged to leave your liLrge 
Speculum in a damp Tube in a damp Observatory — 
or have the trouble of adjusting it every time you 
take it out of the Tube — you may take it out with 
the utmost ease, and put it in its dry tin box in a 
dry place ; and by so doing, you have an opportunity 
of observing if it gets tarnished, and of wiping it off, 
which can be done easily at first by breathing upon it, 
and as the breath is going off rubbing it with a bit 
of clean lamb's-skin — ^but with difficulty after it has 
been on a Uttle time. 

It appears by the following statement of Mr. 
Edwards, that a very trifling degree of pressure 
will prevent the proper action of the great Metal. 

'' I can at any time totally spoil the figure of a 
metal by wedging it only with the thickness of a 
bit of common writing-paper. Dr. Smyth says, that 
One thousandth of an Inch will spoil its figure. I am 
sure also, that that quantity, if not less, will injure it. 
If the metal was made to rest at Two Points, each 
of which b 46® from the* bottom and 90** from each 
other, I think the Figure would not be injured at 
aU. I do not see that the Thickness of the Metal is 
of any Service to prevent this small Degree of Bend- 
ing, for I never yet saw a large Metal whose Figure 
I could not spoil with an exceeding small Pressure 
at its Back. Nor do I approve of Three Screws at 
the Back to bear against the Metal, as I altered my 
own small Tdbseope to that Plan, and I never could 
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make the Screws bear equally alike, but they would 
bear harder against one Place than another, and so 
spoil the Figure. I think they had best be fastened 
by Three small Screws passing through the Tube 
perpendicular to the Axis, and of such a Thickness 
as for their Sides to touch the Back of the Mirror 
barely without any Shake* By remoying the Brai^ 
back (viz. the Brass into which the Eye-piece is 
screwed), you may see the Screws bear Sideways 
against the Mirror in Three Places, and may .file 
away the Sides of the Screws so as to make them 
just touch the Mirror, but not much more." — 
Appendix to the Nautical Almanack, for 1787, 
p. 54. 

A PAPER (from p. 173 of the PhiL Trans, for 1782) 

TO OBVIATE SOME DOUBTS CONCERNING THE 
GREAT MAGNIFYING POWERS USED BY MR. 
HERSCHEL, F.R.S. ADDRESSED TO SIR JOSEPH 
BANKS. 

" Sir, I have the honour of laying before you the 
result of a set of measures I have taken in order- to 
ascertain once more the powers of my Netvtonian 
7 feet Reflector. The method I hate formerly used, 
and which I still prefer to that which I have now 
been obliged to practise, requires very fine weadier 
and a strong sunshiny day ; but my impatience to 
answer the requests of Sir Joseph Banks would not 
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permit me to wait for so precarious an opportunity 
at this aeaoon of the year. The difference in all the 
powers, as &r as 2010^ ^11 be found to be in favour 
of those I have mentioned ; and^ I believe^ a much 
greater concurrence could not be well expected^ 
where difii^nent methods of ascertaining them are 
used. The variation in the two highest powers is 
more considerable than I was aware of; but still may 
be shewn to be a necessary consequence of the dif- 
ference in the methods. However^ if» on comparing 
together the methods, it should be thought that the 
power 5786 is nearer the truth than 6450, I shall 
readily join to correct that number. 

'* The manner in which I have mm determined the 
Powers is as follows : I took one of the eye lenses 
which magnifies least, and measured its solar focus 
by the sun's rays as exactly as I could five times, 
which proved to be 1.01, 1.04, 1.09, 1.01, 1.05, in 
half-inch measure, a mean of which is 1 .04. The 
sidereal focus of my 7 feet speculum is 170.4 in the 
same measure. Thence, dividing 170.4 by 1.04, we 
find that the telescope will magnify 163.8 times 
when that lens is used. This power being found, I 
ap{died the same lens as a single microscope to view 
with it a certain object, which was a drawn brass 
wire fastened so as not to turn on its axis or change 
its position; for these wires are seldom perfectly 
round, or of an even size, and it is therefore neces- 
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saiy to use this caution to prevent errors : then^ with 
a fine pair of compasses^ I took four independent- 
measures of the image of the brass wire, which was 
thrown on a sheet of paper exactly 8 J inches from 
the leni^, the eye being always as close to the lens as 
possible. I viewed the same wire, exactly in the 
same manner, with every one of the lenses, and 
measured the pictures on the paper. When I came 
to the higher powers, the wire was exchanged for 
another, 4.37 times thinner than the former, as de- 
termined by comparing the proportion of their images 
54 to 236|, taken by the same lens. 

"When the images of these wires are obtained, the 
power of the telescope, with every one of the lenses, 
becomes known by one plain analogy: viz. as the 
image of the wire by the first lens (77|) is to the 
power it gives to the telescope (163.8), so is the 
image of the wire by the second lens (119), 
to the power it will give to the same telescope 
(260.7). The particulars of all the measures are as 
follow : 



Powers as they Images of a wire thrown A mean of Powen as they 

havebeen called onapaperhihundredttis the four oome out by 

inmy papers. ofhalflnches. measures. this method. 

146 .. 77.. 78.. 78.. 78.... 77| ... .163.86 = H2:l 

227 .. 119.. 119.. 119.. lid U9 250.7 ^-^ 

278 .. 143.. 143.. 144.. 143 143^ 301.8 

r.. 236.. 236.. 235.. 236 235|] 

460< .. Smaller wire. >-.... 496.7 

\. • . Ou . . o*T » . 00 • • 04 . • • • 04 J 

754 .. 83.. 85.. 84.. 85 84J ....775.1 
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PcmeamihfBf ImafM of a wixe tliioini AmMnof Pow«t at thay 

havebean caUtd onaptperinliuDdndtlit the four come out by 

inmypapen. ofhaU-inchei. meaiuTes. this method. 

932 .. 107.. 107. .107.. 108 107^ ,...986.7 

1159 .. 128.. 128.. 129.. 128 128i 1179.9 

1536 • . An excellent lens, lost about 8 months before. 

2010 .. 236.. 236.. 238.. 236 236^ 2175.8 

3168 .. 281. .283. .281. .280 281} 2585.5 

6450 .. 635.. 625.. 630.. 626.,.. 629 ,...5786.8* 



'' I beg leave^ Sir, now to give a short description of 
the method I have formerly used to determine the&e 
powers. In the year 1776, I erected a mark of 
white paper, exactly half an inch in diameter, which 
I viewed with my telescope at the greatest coi;i- 
venient distance with one of the least magnifiers. 
An assistant was placed at right angles in a field, at 

* Opticians haye a scale with whidi they can easily and 
accuiately ascertain the focal length of a lens to the y^th 

of an inch. The local length being known, you have only to 
multiply the focal length of the Object-Metal or Object-Glass, by 
the focal length of the Eye-Glass, and you have the magnifying 
power, without a possibility of error : thus, to make a Newtonian 
of 84 inches focus magnify upwards of 6,400 times, requires 
an Eye-Glass of less than the 75ih of an inch focus. For 
example — 

84 focus of Object-Metal; 

75 focus of Eye-Glass. 

420 
588 



6300 magnifying power. 
The above Note is by W. K. * 
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the dame distance from my eye as the object from 
the great speculum of the telescope. On a pole 
erected there I viewed the magnified image of the 
half inch, and the assistant marked it by my direc- 
tion ; this being measured, gave the power of the 
instrument at otice. The power thus obtained was 
corrected by theory, to reduce it to what it would be 
on infinitely distant objects. The powers of the rest 
of the lenses I deduced from this, by a camera eye- 
piece, which I made for that purpose, a b c i> 
(fig. 17, pL 3) represents a perpendicular section of 
it. The end a screws into the telescope. On the 
end B may be screwed any of the common single 
lens eye-pieces. 1 m n is a small oval plane spe- 
culum, adjusted to angle of 45^ by three screws, two 
of which appear at o p. When the observer looks 
in at B, he may see the object projected oH a sheet 
of paper on a table placed under the camera piece, 
and measure its picture a b, as in fig. 18. The 
power of one lens, therefore, being known, that of 
the rest was also found by comparing the measure^ 
of the projected images. 

** It may not be amiss to mention some of the ad- 
vantages and inconveniences attending each of these 
methods. When we take the focus of an eye-lens, 
which the first method requires, we are liable to a 
pretty considerable uncertainty, and in very small 
lenses it is not to be done at all. Also, in calcu- 
lating the power by that focus, no account is made of 
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^e aberration which takes place in all specula and 
lenses, and increases the image, so that we rtither 
find out how much the telescope should magnify, 
than how much it really does magnify ; but in de- 
termining the power by an experiment we avoid 
diese difficulties. On the other hand, when the 
power is very great, the latter method becomes in- 
convenient, both on account of want of light in the 
object, and a very considerable aberration which 
takes place, and makes the picture too indistinct to 
be very accurate in the measure, and of course larger 
dian it ought to be ; and this will account for the 
excess in the measures of my two largest powers. 
However, when I employed 6460 on the diameter of 
dLyra, I incline to think the method I had used 
when I determined that power, ought to be preferred, 
because my lamp-micrometer gives the measure of 
an object as it appears in the telescope, and therefore 
this aberration is included, and should be taken into 
consideration. 

** To prevent any mistakes, I wish to mention again, 
that I have all along proceeded experimentally in the 
use of my powers, and that I do not mean to say I 
have used 6450, or 5786, on the planets, or even on 
double stars ; every power I have mentioned is to be 
anderstood as having been used just as it is related, 
b«^ further inferences ought not as yet to be drawn. 
F(Nr instuice, my observations on i Bootis mention 
that I have viewed that star with 2010, or as in the 
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above table with 2175, extremely distinct; but on 
several other celestial objects I have found that 
power of no service.'* 

* 

, I shall not here offer one single Comment on 
the Great Powers which Sir W. Herschel mentions 
having used with his own 7 feet Newtonian of ft^ths 
Aperture — but refer the Reader to the preceding 
paper thereon : I shall merely state what Eye-pieces 
ipy own Eye chooses for such an Instrument, for the 
various Objects that it is usually applied to. 

1st. a Power of 16 or 20 for Comets, and Nebula, 
Milky Way, &c. 

2d. — 46 and 60 for the Moon. Those who 

have not seen the Moon with a Newtonian^ or 
a very long Achromatic with a large aperture, 
may be said not to have seen it at all — ^die 
vision is so much more beautiful for it in this 
than it is in other Telescopes^ — ^to view the full 
Moon, have an Aperture of 4 inches cut in the 
Cover of the Object end of the Telescope, which 
is too light on this object for the Eye to bear 
with the whole aperture, or have a light Green 
CHass to fix on before theEye-tube : — this con- 
tracted Aperture or Green Glass will also be 
useful for viewing the Sun, and Venus, and for 
comparing this Instrument with Achromatics 
and other Telescopes — and shewing the effect 
of Illuminating Power. 
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3d. a Power of 80 for Jupiter and his Moons, or ior 
shewing a Planet to another person, as it has 
a very large field. — See Chapter XI. 

4th. of 160 for Jupiter and Saturn, 

6th. 200 Ditto, very pleasant and satis- 
factory. 
6th. ' 260 Ditto, utmost useful power for 

Planets. 

7th. 400 Double Stars. 

By increasing Magnifying Power beyond 400, — I 
find that I only increase the di£Sculty of using my 
Tdescope-^with a higher power, almost every Object 
which I have examined appears less distinct instead 
of being better defined. — See Chapter XIV. on Mag- 
nifying Potoers and Eye-pieces. 

I would recommend the foregoing Eye-tubes to 
be of the Huygenian constmction. The very same 
Eye-tubes which make my 3 J feet Achromatic mag- 
nify 80, 130, and 180 — give my 7 feet Newtonian 
about 160, 260, 330. 

Sir Wm. H. recommends, for observing Saturn, a 
^ngle Convex lens magnifying 287 times — I have 
tried a ^ngle Convex of 280 at Saturn, but with 
that power the features of the planet were not seen 
more plainly, and the diminution of the field of view, 
and the increased rapidity of the object passing it, 
was an inconvenience : 260 is quite as high a power 
as this, and I may say, as any Telescope, however 
lwge,.will carry, with any advantage, either for 
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« 

Jupiter or Saturn — for which I prefer 213« — Sefi 
Chapter XIX. 

Dr. Maskelyne says, that Short's Dumpy, which 
was a very fine Cassegraniau of 6 inches aperture, 
would not bear a higher power than 231. — See the 
preceding Chapter VII. 

I have also a Polycratic Wheel of six single double 
convexes, magnifying 100, 200, 360, 500^ 800, 
1600 — ^the Two last are useful fw no other purpose 
than merely to prove that such mcmstrous Magnifiers 
are useless ; — ^they are about as properly adapted for 
actual and accurate observation, as the Monmaent is 
for a Toothpick* 

The three firstof these Single Lenses serve to com- 
pare with the Eye-tubes composed of Two glasses.— 
See more on Magnifiers in the Chapters XIV., on 
Eye'-pieces — XVII., on Illuminating Powers, &c. — 
and v., on Concave and Convex Single Lenses. 

A Box 18 inches long, 14 inches wide, and 10 
inches in height, is an indispensable assistant 
to this Telescope, as even if the hinder winph is let 
down first, — ^which it ought to be ; when the object 
of observation is elevated above 65 degrees, the Eye- 
tube becomes too elevated for easy access — or I jwre- 
fer a set of 4 Steps rising about 4 inches above each 
other, with a Pole attached to them to lean against— 
this is a very convenient assistant to keep the ob- 
server steady. 

The finder is a more necessary af^endage to a 
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Newtoman than to any other Telesci^, and should 
be an Eight^n inch Achromi^c telescope with a 
double eye-glass^ magnifying about seven times — it 
should be adjusted by Two Finger Screws bearing 
against a Spring ; and in order to get the Eye to it 
easily^ it must stand out from the Tube of the Tele- 
scope about Tliree inches: 

The Fmd^rs of Newtonian Telescopes are some- 
times made with a Diagonal Eye-tube in order to 
save trouble in using it — however, the Old Proverb 
that " the longest way about is the shortest way 
home/' applies very aptly in this case ; and such a 
Finder as I have mentioned above is much more 
convenient than a Diagonal one, for we must look 
along the tube to find the Object for the Finder, — 
See the article Finder in the Index. ' 

Lastly — To give a large Reflecting Telescope a 
fair chance of doing its best — ^it must be used on the 
Groimd, and in the Open Air ; in which situation, 
with the Metals both uncovered, it should be placed 
(especially if it have a Wooden Tube) ctt least a 
quarter of an hour before you attempt to look through 
it, — See Obs. in Chapter VI., on Reflectors, and 
Mr. Tulle y's Letter. 

The steadiest, the simplest, the cheapest, 
and the most convenient Stand, that I have seen 
for a Newtonian, was made by Mr. Newman, Car- 
penter, No, 2 Mary Place, Mary Street, Brook 
Street, New Road, near Tottenham Court Road. 
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This extremely ingenious person made every part of 
his Newtonian Telescope with his own hands. 

Mr. Tulley's Letter. 

Dear Sir, 

T^HE best reply I can make to your 
Queries respecting the performance of a 5 feet Achro- 
matic of 3^1) ths aperture^ and a 7 feet Newtonian 
of 6^ths aperture, is to send you the following 
Extracts from Letters from Mr. MosELY,.of Win- 
terdyre House, near Bewdly, who has a very fine 
5 feet Achromatic of my makings which was 
formerly in the possession of Mr. Barti^man, the 
Singer, and has also one of the best 7 feet New- 
tonians that I. ever finished, as the following Ob- 
servations, in Mr. Mosely's own words, will certify. 
I took every pains to make these Telescopes as 
perfect as possible — and nobody knows how to use 
them better than the Gentleman who writes me the 
following Observations, on the correctness of which 
you may confidently depend. 

I am. Dear Sir, 

Your humble Servant, 

Cha. Tulley. 

Territ's Court, Islington, 
January 13, 1825. 
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EXTRACTS FROM LETTERS FROM MR. MOSELY TO 

MR, TVLLEY. 

October 1821. ' 

"There is something about my 7 feet New- 
tonian which I cannot understand. I paid great 
attention to it during the few remarkably clear, 
warm, and cdm nights, which we had in August. 
At that time, s Bootis and n Corona, were in a good 
pomt of view. With the Eye-piece marked 420 
(a single lens in the wheel) I could see 9} Corona 
most distinctly; yet t Bootis was surrounded by 
circles of false light, so as to be scarcely defined 
at all; and when a bright Star was examined, 
it appeared as a blaze of light, without the least 
appearance of any defined disk — how can this be 
accounted for ? The same night your 5 feet Achro- 
matic defined t Bootis without the smallest particle 
of iaise light or Rings playing about ; and even a 
Lyra was defined most beautifully, so that the small 
Star wfis visible^ I. could not^ however, see n 
Corgna with this Glass ; the highest power that I 
could use distinctly only elongated it. 

" From hence it appears, that although the 7 feet 
Reflector does not equal the 6 feet Achromatic in 
shewing a bright Star well defined — it will define 
less bright objects which are smaller in a better 
manner.'* 

H . 
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Nov. 11, 1821. 

" I HAVE nevet been able to get the 7 feet New- 
tonian to act^ except in clear and mild Evenings — 
Cold air, however clear, does not allow it to perform 
well, not even if put out for an hour or more, to 
iacquire the same temperature as the air. 

April 29, 1822. 

' " I HAD last night a most beautiful view of all 
the most difficult double Stars of Herschers Cata- 
logue — the 7 feet Newtonian performed most ad-* 
mirably, but it was the only night which it would 
act since it came back. I saw in the most distinct 
manner »j Corona, and also h Draconis, very beau- 
tifully : the latter is said never to have been seen out 
of Herschel's Garden, but that is not a fact I pre- 
sume — I had never before seen it. I used the 3d 
power in the wheel, marked by your son 660.*' 

July 4, 1822; 

" « Lyra — Your 5 feet Achromatic and 7 feet 
Newtonian, shew the small star near « Lyra, very 
clear: I generally look for it by putting the large 
Star out of the field a little; and when once the 
small star is found, I can see it at the same time with 
the large Star.'' 

" For my Newtonian, it is necessary to have 
yery fine, mild, and calm weather — cold air, 
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however clear, does not allow the Reflector to 
perform well. It k a great misfortune that Spe- 
cula are so uncertain, and that they require such 
nice weather to make them act perfectly — ^Achro- 
matics are much preferable in this respect, as far as 
they go/' 

See Dr. Herschel*s Papef " on the Causes tohich 
prevent Mirrors from shewing Objtcts distinctly ,** in 
Chapter XVIII. of thitfwpA. 



CHAPTER IX. 



CASSEGRAIN^S REFLECTING TELESCOPE. 



This Indtrument has been seldoni thade^ except bjra 
few Artists and Amaleurs, who have chosen it merely 
for the convenience of its shortness — the distdnc^ 
between the Large and the Small Speculum, being 
less in Cas^egrairCs than it is in Gregory's Telescope, 
by twice the solar focus of its Small Speculum, by 
so much may the tube of the Telescope be shorter— 
«. e. in a Cassegranian Telescope of 6 Inches focus 
the tube need not be more than 7| Inches in length. 

However charming this curtailment of tube may 
be to Dumpy* Fanciers, any convenience arising 
therefrom, has been iconsidered to be more than 
counterbalanced, by the inconvenience of its shewing 
objects Inverted, and consequently being calculated 
only for Celestial purposes, — unless an Eye-tube, 
composed of 4 Glasses, like the Terrestrial Eye-tube 
of an Achromatic telescope, be applied to it, and this 
makes it longer than the Gregorian Telescope. 

The Majority of the purchasers of a Telescope 

* This appellation was first given by Mr. Short, the celebrated 
MJaker of Reflectors, to a Telescope which he made for the 
Honourable Topham Beauclerc, of 6 Inches Aperture, which I saw 
in Colonel Auberfs Observatory, at Highbury ; it was only 24, 
instead of the length he usually made them, t. e. 36 Inches focus. 
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want it ta be "A Servant pf All Work/' and prefer 
an Instrument^ which is also a Day Plaything — 

A Spying Glass '^ to see a Ship at Sea, 

** Geese on the Green, or Crows upon a Tree." 

This IUiyme« is the only reason which the Author 
can give, why so few 

NEWTONIAN TELESCOPES 

have been made ; for the comfort of position in ob- 
serving Celestial objects^ besides their other advan- 
tages, would certainly, otherwise, have recommended 
them to others, as well as to the really scientific and 
practical and persevering Heeschel.-— See further 
Obs. on Newtonians, in Chapter VI. on Reflecting 
Telescopes — ^and in XX* on Double Stars, — See Sir 
Isaac Newton's account*' of his Telescope, in 

* ^ In this paper we have the description of the First Reflecting 
Telescope that was ever made, as fiar as we know. The idea had, 
indeed, been mentioned a few years before, viz. by Mersenne, in a 
letter to Descartes, who did not approve of it; and again, by 
James Gregory, in his Optica Promota, who endeavoured in vain 
to carry the idea into execution. Ilioee attempts, however, were 
suggested by a motive far inferior to that of Newton, being in- 
tended, besides shortening the Telescope, to avoid the errors 
arising from the figures of the Lenses ; whereas that of our author 
was to obviate the error and inconvenience of the coloured images, 
and of the unequal refraction of the rays of light ; a splendid 
di^very, vdiich had but just before been made by himself." 
This Note is fromthe foot of page 691 of vol. i. of the Phil, Trans. 
abridged, 4to. 1609. 
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the PhiL Trans, for 1672, at page 4004 of vol. vii.~ 
and Mr. Hadley's paper in Chapter XIX. 

To enable the Reader to measure the relative 
Reflecting powers of Plane ---Concave — and Con^ 
vex small Specula, I shall lay before him their 
respective pretensions, commencing with Sir Isaac 
Newton's Papers thereon, and thence proceeding 
with those Practical Observations, which I have 
been favoured with by several scientific opticians, 
especially by those experienced Makers of Reflect- 
ing Telescopes, Mr. Watson, Messrs. Tull^v, and 
Mr. CuTHBERT, who have given me thw Ifotes 
thereon, and the account of the Facts which they 
have actually ascertained in the course of thefr 
numerous experiments with Telescopes of various 
constructions. The Opinions of these eminent Prac- 
tical Opticians, which I have printed here in their 
own words, are perfectly unanimous, and in perfect 
unison with those published by Sir I. Newton,* — 
and their Evidence and their Arguments are so true, 
and so convincing, and so plainly stated, that I think 
they will be perfectly satisfactory, and will fimdly 
settle certain important points, which without suth 
Illustration, seem to me, likely to rema:in as they 
are at present — 

" Puzzled with Mazes, and perplexed with Errors*'' 

Mr. Cassegrain's Telescope has had its advocates ; 
and among them Person^ who have displayed tuvadt 
discrimination on some subjects, thiA it may e»eite 
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some surprise how they should have been so greatly' 
deceived in the view which they have taken of this : 
but to Whom is it given to be — Always Right ? 

'^ Nemo Mortalium omnibus horis sapit'' 

The highest Praise that Humanity has pretension 
to, is to be — Seldom Wrong, 

In ihe ThiL Tram. voL Ixix. p. 419, and in 
vols. ciii. and civ. the Reader will find Papers in 
praise of Cassegrain's Telescope, on which I only 
remark, that they are not in unison with the follow- 
ing by Sir Isaac Newton — and that they are con- 
trary to the experience of all the Opticians and 
Astronomers with whom I have conversed on the 
subject; — I have given an abstract of them after 
Sir Isaac Newton's Paper. 

*^ Disputes on Philosophical subjects may be 
ma^aged with the utmost Candour, Respect, and 
Friendship, by Disputants whose only Aim is the 
search of Truth." — Seep. 4 of Dr. Halley's Pre- 
face to vol. xxix. of the PAi7. Traw*. 

I have not invented any Comments to amuse you 
with on either of the Essays alluded to above ; it never 
was my Pleasure to criticise the endeavours of Ingeni- 
ous Persons, who have recorded the results of their 
Experiments, in the belief that they were publish- 
ing interes^ng * and accurate deductions — the only 
Spring which ought, which ever can guide the Pen 
of the Faithful Servant of Science, is a benevolent 
4esire that others may participate in the advantages 
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which he thinks may be derived from his I)i»- 
coyeries : — and your True Philosopher is 

" Patient of Contradiction, as a Child 
Affable, Humble, Diffident, and Mild, 
Such was Sir Isaacy and such Boyle and Locke :. 
Your Blund'rer is as sturdy as a rock; 
His still-refuted quirks he still repeats ; 
New-raised objections with new quibbles meets ; 
Till, sinking in the quicksand he .defends. 

He dies disputing, and the Contest ends 

But not the Mischiefe ; — ^they, still left behind. 
Like Thistle-seeds, are sown by ev'ry wind/' 

Cowper's Progress of Error, 

The Essays referred to above, are the productions 
of Members of the Royal Society — to which, they 
were presented by the President — were approved by 
the Council of 21, (chosen fr(»n the 600 F.R.S.) 
who form (see Preface to the Phil, Trans,) ** the 
Committee who reconsider ^the papers read at the 
General Meetings, and select out of them such as 
they judge most proper for publication/' Thus, 
sanctioned by the imprimatur of Half a Thousand 
Sfavans—BJid received into that Rich Treasury of 
Science, the Philosophical Transactions, they have 
been promulgated to the World in the most prepos- 
sessing manner. 

Well then. Gentle Reader, perhaps you may 
think me a bold man, to dare to differ from doctrine 
published in a Work which is so universally and so 
justly esteemed, till you consider, — that I come to 



this combat under the Banner of the Immortal 
Newton, aud find that the ftJlawer, like his 
Leader, is armed, with the irremtiUe Spear of 
Ithuriel, 

The following is an extract from the Phil. Trans. 
for May 1672, at p. 4Q66 of vol. Tii- 

''Mr. Isaac Newton's Considerations upon part 
of a Letter of Monsieur de Berce, prinJted in the 
Sighth French Memoir e, concemingthe cata-^ioptrical 
Telescope, pretended to be Improved and Reined by 
M. Cassegrain. 

" That the Header may be enabled the better to judge 
of the whole by comparing together the contrivances 
bf)th of Mr. Newton and Mr. Cassegrain ; it mil be 
neo^sary. to borrow from the said French Memoire 
what is there said concerning them; which is as 
follows:: — 

" I send you (saith M. de Berce to the Publisher 
of the Memoire) the Copy of the Letter which 
M* Cassegrain hath written to me concerning the 
proportions of Sir Samuel Moreland's Trumpet, 
And as for the Telescope of Mr. Newton it hath as 
much surprised me as the same Person, that hath 
found out the proportions of the Trumpet. For it is 
now about three months, that that person communi- 
cated to me the figure of a Telescope, which was 
almost like it, and which he had invented ; but 
which I look upon as more witty. I shall here give » 
you a description of it in short. 

h2 
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* " A B C D is a strong Tube, in the bottom of 
which there is a gieat concave Speculum, C D, 
pierced in the middle, E. 

" F is a convex Speculum, so disposed, as to its 
convexity, that it reflects the Species, which it re- 
ceives from the gre^it Speculum, towards the hole E, 
where is an Eye-glass, which one looketh through. 

The advantage which I find in this Instrument 
above that of Mr. Newton, is, first, that the mouth 
or aperture, A B, of the Tube, may be of what 
bigness you please ; and consequently you may have 
many .more rays upon the Concave Speculum, thfm 
upon that of which you have given us the descrip- 
tion. 2. The reflection of thfe rays will be very 
natural, since it will be made upon the axis itself^ 
and therefore more vivid. 3. The vision of it will be 
so much the more pleasing, in that you shall not be 
incommoded by the great light, by reason of the 
bottom C D, which hideth the whole face. Besides 
that you'll have less dilBiculty in discovering the 
Objects, than in that of Mr. Newton's. 
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' '*Sofar this French Author ; to which we shall mu^ 
iuijoin the considerations of Mr. Newtgn, as we 
received them from him in a Letter written from 
Cambridge, May 4, 1672, as follows :— 

" Sir — I should be very glad to meet with any 
improyement of the Catadioptrical Telescope ; but 
that design of it, which (as you inform me) Mr. Cas-^ 
segrain hath communicated 3 months since, and is 
aow printed in one of the Fraich Memoires, I fear 
will not answer expectation. For, when I first 
applied myself .to try the effects of Reflexions, 
Mr, Gregorif*s Optica Promota (printed in the year 
1663) being fallen into my hands, where there is an 
Instrument (described p. 94,) like that of Monsieur 
Cassegrain's, with a hole in the midst of the Object- 
metal to transmit the Light to an Eye-glass^ placed 
behind it ; I had thence an occasion, of considering 
that sort of constructions, and found their disadvan^ 
tages so great, that I saw it necessary, before I at- 
tempted any thing in the Practique, to alter the 
design of them, and place the Eye-glass at the side 
of the Tube rather than at the middle. 

'^The disadvantages you will understand by these 
particulars. 1. There will be more light lost in the 
metalr by. reflexion from the little Convex HpeculUm, 
ihsxi from €[ie Oval plane. For it is an obvious ob- 
servation, that light is more copiously reflected from 
any snbst^ce when incident most obliquely. ' 

" 2d. The Convex Speculum will not reflect the 
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rays bo truly as the oyal plane^ unless it be of an 
Hyp^bolique figure; whidi is incomparably more 
difficult to forme than a plane ; and if truly formed, 
yet would only r^ect those rays truly, which respect 
the axis. 

** 3d. The errours of the said Convex will be much 
augmented by the too great distance through which 
the rays, reflected from it, must pass before their 
arrival at the Eye-^^ass. Fcur which reason I find it 
convenient to make the Tube no wider .than is neces*^ 
sary, that the Eye-glass be placed as near to the 
oval plane as is possiUe, without obstruqting any 
useful light in its passage to the objectf^metal. 

" 4th. The errours of the ObjectHmetal will be 
more augmented by reflexion from the Convex than 
from the Plane, because of the inclination or 
deflexion of the Convex <m all sides from the points^ 
on whidi every ray ought to be incident. 

" 5th, For these reascms there is requisite an 
extraordinary exactness in the figure of the little 
Convex, whereas I find by ^qperience that it is much 
more difficult to commimicate an exact figure to 
such small pieces of Metal dian to those that are 
greater. 

'* 6th. Because the errours at the perimeter of the 
Concave Object-metal, caused by the Spbcriealness 
of its figure, are much augmented by the Convex, it 
will ndt with distinctness bear so large an ap^rtiffe> as 
in the other construction. 
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" 7th. By reason that the little Convex conduces 
very much to the magnifying virtue of the instru- 
menty which the oval plane doth not, it will magnify 
nrach more in proportion to the sphere on which the 
great Concave is ground, than in the other design ; 
aad so magnifying Objects much more than it ought 
to do in proportion to its aperture, it must represent 
them very obscure and ^ark ; and not only so, but 
also omfused by reason of its being overcharged. 
Nor is there any convenient remedy for this. For if 
Ae little Convex be made of a larger Sphere, that 
will cause a greater inconvenience by intercepting 
too many of the best rayes ; or if the Charge of the 
Eye-glass be made so much shallower as is necessary, 
the angle of vision will thereby become so little, that 
it will be very difficult and troublesome to find an 
object, and of that object, when found, there will be 
but a very small part seen at once. 

*' By this you may perceive, that the three advan- 
tages, which Monsieur Cassegrain propounds to him- 
self, are rather disadvantages. For, according to his 
design, the Aperture of the Instrument will be but 
small, the Object dark and confused, and also diffi- 
cult to be found. Nor do I see, why the reflexion 
is more upon the same a^s, and so more natural in 
one<»se than in the other: since the axis itself is 
reflected towards the Eye by the Oval plain; and 
the Eye may be defended from external light as well 
at Ibe side as at the bottom of the Tube. 
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; • ' You see, therefore, that the advantage9 of this 
design are lioue, but the; disadvantages, so great tmd 
unavddable, that I fear it will oev^r be put .in prac- 
tice with good effect. And when I consider, by. 
reason of its resemblance with other Telescopes, it is 
something more obvious than the other construction^ 
I am apt to believe, that those who have attempted 
any thing in Catoptrioks, have ever tiyed it in the 
first place, and that their, bad success in that attempt 
hath been the cause why nothing has been done in 
reflexions. For Mr. Gregory,' speaking of these 
instruments in the aforesaid boqk, page 95, sayeth, 
De mechanica horum speculorum et hntium; ab aliis 
Jrustrct tentatd, ego in mechanic^ minus versatns 
nihil dice. So that there have be^n tryals made of 
these Teleiscopes, but yet in vain. And I am in- 
formed, that about 7 or 8 years since, Mr. Gregorj^ 
himself, at London, caused one of six feet to be made 
by Mr. Reeve, which I take to have been According 
to the aforesaid design described in hi^ book; be- 
cause, though made by a skilful Artist, yet it was 
without succ^s. 

" I could wish, therefore, Mr. Camgrain ha4 tried 
his design V^fore he divulge^ : bi\t if, for further 
satisfacticm, he please hereafter tp tiy.it, I. believe 
the success will ii^orm him, that suc^ projects are 
of little moment till they be put in practice." 

The Gassegranian Telescope has been highly com- 
mended by that celebrated Mathematical Instrumentr 
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maker, Mr. Jessc RaMsden — m &ia Pi^r in the 
69th vol. of the P/ul. Trans, for 1779, p. 419, en- 
titled, " A Description of Two New Micrometers,"— 
^m which I have extracted the following : 

'* I belieye it would more tend to the advancement 
of the art of working Mirrors, if writers on this subject, 
instead of giving us their methods of working Jiwa- 
ginary Parabolas, would demonstrate the properties 
of curves for mirrors which placed in a telescope will 
shew images of objects perfectiy free from aberration ; 
or, what will yet be more useful in practice, of what 
forms specula might be made, that the aberration 
caused by one mirror may be corrected by that of 
the other. If mathematicians assume data which 
really exist, they must see that when the two specula 
of a reflecting telescope are parabolas, they cause a 
▼ery considerable aberration which is negative, that 
is to say, the focus of the extreme rays is longer 
than those of the middle ones. If the large specu* 
lum is a parabola, the small one ought to be an 
ellipse ; but when the small speculum is spherical, 
which is generally the case in practice, if concave, 
the figu^ of the large speculum ought to be an 
hyperbola ; if convex, the large speculum ought to be 
an ellipse, to free the telescope from aberration. 

" This will be easier understood by attending to 
the positions of the first and second images ; when a 
curve is of such form that lines drawn from each 
image, and meeting in any part of the curve, mieike 
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equal jangles with &e tangent to the cunre at that 
pdnt^ it is evident that such curve will be free from 
aberration. 

" This is the property of a circle when the radiant 
and image are in the same place; but when they 
recede from each other^ of an ellipse, of such form 
that the radiant and image are in the two foci till 
one distance becoming infinite the ellipse changes 
into a parabcda, and to an hyperbola when the focus 
is negative, that is to say, when reflected rays 
diverge, and the focus is on the opposite side of the 
mirror. 

" These principles made me prefer Cassegrain's 

construction of the reflecting telescope to either the 

Gregorian or Newtonian. In the former, 

^errors caused by on'e speculum are diminished by 

those of the oth^. 

** From a property of the reflecting telescope, 
(which has not been attended to,) that the apertures 
of the two specula are to each other very nearly in 
the proportion of their focal lengths, it foUows, that 
their aberrations will be to each other in the same 
proportion, and these aberrations are in the same 
directicm, if the two specula are both concave ; or in 
contrary directions, if one speculum is concave, and 
the other c<mvex. 

** In the Gregorian construction, both specula 
being concave, the aberration at the second ims^e 
will be the sum of the aberration of the two mirrors ; 
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but in the Cassbgeain constructicm, one mirror 
b^g coacaye, and the other conrex, the aberration 
at the second image will be the difference between 
their aberraticms. By assuming such proportions for 
the foci of the specula as are generally used in the 
reflecting telescope, which is about as 1 to 4, the 
aberration of the Cassegrain construction will be 
to that in the Gregorian as 3 to 5. 

'' I have mentioned these circumstances in hopes 
of recommending the demonstration of curves suited 
to the purpose of Optics to the attention of mathe- 
ticians, which would be of great use to artists." — See 
Phil. Trans, for 1779, vol. Ixix. p. 426 of Mr. J. 
Ramsden's Paper. 

In page 206 of the 2d part of the Phil. Trans, for 
1813, the reader will find Captain Kater's Account 
of his Experiments for the purpose of ascertaining 
die rdative Illuminating powers of Cassegranian 
and Gregorian Telescopes. 

'* From the first experiment it appears, that the 
light in both Telescopes, was equal, when the area 
of the aperture of The Cassegranian, was to that of 
The Gregorian, as 4.632 to 10.871. 

'' Now the increase of light being (under similar 
circumstances) directly as the area of the aperture, 
it follows that if the aperture of the Cassegranian be 
made equal to that of the Gregorian, the light in 
favour of the former will be as 10.871 to 4.632, or in 
the surprising proportion of 7 to 3 nearly.'' — p. 209. 
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Captain K. informs us, in page 211, that " a 
mean of the results of the several experiments was, 
that the light of a Telescope of the Cassegranian 
construction, may be taken, to that of a Gregorian 
of the same aperture and power, as about 60 to 33." 

MR. TULLEY'S LETTER. 

Experiments to ascertain the Comparative Difference 
of the Cassegranian and Gregorian Reflecting 
Telescopes. 

'* The extraordinary account of the great quantity 
of light reflected by the Cassegranian Construction, 
as asserted by Capt. Kater (see Phil. Trans, for 
1813 and 14), excited my attention, it having been 
heretofore considered that the only difference was 
the inverted position in which it shews objects. 

< ** From the time of the Invention of Reflecting 
Telescopes to the present day, the Neiotonian Con- 
struction has been justly considered to reflect more 
light than any other fonn of Reflecting Telescope, 
and it must be so, by reason that light is more 
copiously reflected from an inclined plane than when 
the rays fall perpendicular on the surface. 

, '* The light reflected by a Newtonian Telescope, 
eqtnpared with a Gregorian, is very nearly equal, 
when their diameters are as 6 to 7, which difference 
16 much less than what Capt. Kater makes between 
the Gregorian and the Cassegranian: according to 
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his deductions the Cassegranian reflects more light 
than the Newtonian ; — ^from the nature of the Con- 
struction^ this is impossible^ — and is it not impro- 
bable, that such a difference should remain so long 
unobserred, when so many ingenious opticians have 
been interested in the Improvement of Reflecting 
Telescopes ? 

" Mr. James Short spent upwards of 36 years 
on the Gregorian and Cassegranian Construction, and 
subsequent Opticians have spent the greater part of 
their days in similar pursuits, and the only improve- 
ment since Short^s time is in the composition of 
the Speculums ; as Mr. Varley observes, in his 
account of Lord Stanhope's Telescope, * to bring 
Telescopes to the perfection to which they are now 
brought, has exercised the patient industry and intel- 
lect of some of the greatest men that ever lived.* 

*' Mr. Crickmore made the Telescopes which 
Capt. Kater made his Experiments with. Capt. 
K. informs us that Mr. C. was a self-taught genius, 
and that his Telescopes were more perfect than any 
he has seen before. — I therefore conclude that 
Capt. Kater has not had an opportunity of seeing 
any of the best Reflecting Telescopes that have 
been made, — if he has, he must have judged from 
Memory only, not from comparison; for a Re- 
flecting Telescope, is a simple instrument, and 
limited in perfection, and that perfection is attained, 
as many have been made as perfect as art can pro- 
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duce them; therefore, tp improve it must require a 
new system and new paaterials, both of which at 
present are unknown. If Mr. Crickmore, with very 
little practice, has even equalled, much less sur-. 
passed, what has been done before, he has been very 
fortunate indeed. 

" It is clear to me, that there has been some Error 
either in the Instruments or the Observations, — 
there is no such difference existing between the two 
forms. ^ 

'^ It is well known, that light and pencils of light 
will pass and repass each other in all directions, 
without suffering ^y loss in their course. 

" Rays of light reflected from a concave mirrcwr, 
.or refracted through a convex lens, seem to diverge 
in a greater angle than they converged before they 
crossed, but in what proportion remains to be deter- 
mined ; and this greater divergency, it appears by 
the experiments of Capt. Kater, he has taken for 
loss of light, which being less condensed will conse- 
quently appear less luminous : but when these more 
dispersed yays of light are made to return, as in the 
Gregorian Telescope, by means of the small speculum, 
they make the same angle, as they do from the small 
convex speculimi in the Cassegrain, which returns 
the rays before they cross; that is^ when all the 
metaU in both Telescopes are of equal radii, tJie light 
reflected will be the same. 

'^ I have caused two 2 feet Telescopes of this de- 
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scription to be made with the greatest care, cuid the 
magmfymg powers and angle of vision, or field of 
view, is exactly the same in them both, and there does 
not appear one atom of difference ; they seem to be 
as much alike as it is possible to make two things, 
except that of the Cassegrain shewing the object in- 
verted. Dr. Pearson, Dr. Kelly, and Mr.ARAGO, 
a French astronomer, all declared they could see no 
difference. — Since writing the above, I have had two 
Telescopes, that I made some years ago, in my pos- 
session, of the Gregorian form ; they are 7 inches 
diameter, and 27 inches focal length, and very per- 
fect: one of them is the Telescope I made for 
Dr. KiTCHiNER. I altered one of them into a 
Cassegrain with great care, and have compared 
them with equal magnifying powers, and at different 
times of the day ; but the best time to judge of the 
Ugit of Tekscopes, is towards evening, about sunset, 
or a very little later, when I could plainly perceive 
a difference between a power of 77 and 82 ; which- 
ever Telescope had the power of 77, compared with 
the other at 82, was very visibly the Ughtest : when 
the powers were equal, the Ught was equal also. 

July 1817. " ChAS. TuLLEY." 
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Dear Sir, 



The above is an account of the Experiments I 
made with the Gregorian and Cassegranian Reflecting 
Telescopes, in order to ascertain the Comparative 
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diffeirence as stated by CAPT.KATER--:ajid I have the 
pleasure of sending it to you; aud any information 
I am capable of giving, I wiU do it with pleasure. 

*'I am, DearSiri 
** Your very obedient and humble^ Servant, 

'' GhA. TuLtEY." 
Islington, April 14, 1823. 

" Mr. TuLLEY constructed two pairs of telescopes, 
one of each pair a Gregorian, and the other a Casse- 
granian, so as to match each other exactly in di- 
mensions, powers, and quality of the metals and 
glass, in order to ascertain if one construction has 
any advantage over the other in quantity of light, 
under exactly the same circumstances; and though 
.several scientific gentlemen, besides the author of 
this article, have examined and compared difii^ient 
objects, as seen successively by . each of. the two 
telescopes of both pairs, yet not the least difference 
can be discerned by any observer. When the last 
glimmering of daylight remained, the vanishing 
object ceased to be visible with each like telescope 
at the same time, as nearly as could be ascertained^ 
and that with both pairs, though they are con- 
structed with dimensions greatly different the one 
pair from the other, and vary consequently in their 
powers and quantity of light. This experiment 
originated put of Captain Kateh's paper on this 
subject, which was published in the Philosophical 
Transactions of London, in the year 1813 ; and we 
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have no besitf^tion in saying, that the quantity' pf 
illumination is the same in both constructions, wh^n 
the dimensions and qualities of the^ constituent parts 
are perfectly similar. Whatever may be the dis- 
pm^ion of Ught at the point of crossing of the rajrs, 
in the Gregorian construction, when the disperse 
rays are returned from the second speculum, they 
are collected again, it should seem, without lo9$, 
eertainly without apparent diminution of light, 
This conviction we put on record, not out of a 
spirit of Controversy, but from a love of Truth." — 
See Dr. Rees's New Cyclopedia, vol. xxxv. Art, 
Tekscope. 

MR. WATSON's letter. 

May 20di, 1824. 
" Sir, 

*' In the course of my 63 years* practice 

« 

in making Reflecting Telescopes, I have had few 
opportunities of comparing the Gregorian and Casse-^ 
grain, but sufiicient to convince me, that the Casse- 
grain has no advantage over the Gregorian, exempt 
its being a few inches shorter: it is very seldoni 
asked for, as, the vision being inverted, it is only fit 
for Astronomical purposes. 

" I have only made One, and seen Another~Mr: 
Short^s Dumpy, when it was under the care of 
Mr. Dalby, Astronomer to the Honourable Topliam 
Beauclerc; when a Gregorian of my making, of the 
same aperture and focal length, was compared with 
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it by Mr. Dalby, another gentleman, and myself, 
they both freely allowed the Gregorian to be much 
more brilliant and distinct than the Cassegrain. 

" About the year 1794, I madjB the Dumpy* of 
3 inches Aperture, and 6 inches focus, for Mr. Wm. 
Walker, the Lecturer on the Eidouranion, and which 
you purchased from him — this little Telescope had 
two sets of metals, one for the Gregorian, the oth«r 
for the Cassegrain, and was equally good with each 
set; and we saw objects just as distinct and bright 
in the Gregorian as in the Cassegrain; and Castor 
appeared like a figure of 8 of fine outline, and the 
two stars found and sharply defined in the centres 
of it. 

" The making of this Telescope discovered to me 
that the curve of the large metal most proper for the 
Gregorian, is not so for the Cassegrain, which 're- 
quires a different figure. 

'' I therefore made another large metal, and gave it 
$uch a figure, as, combined with the convex smaU 
metal^ gave distinct vision. This little Cassegrain 
had three conve;s small metals, and magnified from 
76 to 400 times. 

. " In the year 1780^ I made a Newtonian for the late 
Mr. Jesse Ramsden, which was of 8 feet focus, 

and the large metal 10 inches diameter — ^with this 

-\ 

♦ When Mr. Watson made this Dumpy Cassegrain for Mr, 
Walker, he was in the zenith of his powers as aTele^ope-maker — 
as when he wrote this letter he was in the fukiess of his age and 
experience, having just completed his 781li year. 
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Telescope the division of the Ring of Saturn, his 
Belts, and the shadow of the ball, cast on the 
Ring — the shadows of Jupiter's Moons on the 
disk of that planet, his Belts, and the terminatkm 
of his disk — were all seen, most beautifully de- 
fined. This Telescope was, from its large dimen- 
sions, and powerful effect, the finest Telescope I 
erer saw. 

** There is certainly more light reflected by a New- 
tonian than by either a Gregorian or a Cassegrain 
Telescope. 

" J. Watson.'' 

To Wm. KlTCHINEfi^ M.D. 



22 Bishop's Walk, Lambeth, 
_ 24th May, 1824. 

" Dear Sie, 

'* Having seen in a publication 
some time back, an account of experiments made 
with Cassegram and Gregorian Telescopes, to ascer- 
tain which construction had the superiority of light; 
and that the result was in favour of the former, I 
was led to doubt the accuracy of the observations 
from the means employed, namely, with two Tele- 
scopes by different makers, and, of course, the mate- 
rials of different reflecting qualities, it must be 
obvious, that unless the. materials in each Instru- 
ment were precisely of the same casting, no certain 
result could be obtained. 



170 CASSEGRANIAN REFLECTOR. 

" I had but little doubt on the subject, but never 
having made the experiment, I cast two small spe- 
culums, a concave and a convex, t)f the same mate- 
rial, and ground them to the same curve. I applied 
them to a Telescope I was making at the time — I 
tried the Instruments on a dial of a watch, on the 
evening of a fine day, when the light was gradually 
decreasing, by repeatedly shifting the small specu- 
lum, till the light of the evening was so far decreased 
that I could only discover the white spot the dial 
formed; but could not discover any superiority of 
light in the two constructions. 

" The only advantage I know in the Cassegrain 
over the Gregorian, is the reduction of length about 
4 inches in a 2 feet Telescope ; and that advantage 
is more than counterbalanced by the objects being 
inverted. For Celestial purposes, it would be of 
little consequence; but for Terrestrial, the disad- 
vantage must be obvious to every one. 

'' I discovered in the course of my experiments, 
that the curve of the large speculum best for the Gre- 
gorian construction, did not answer equally well for 
the Cassegrain ; but being satisfied no superiority of 
light was to be obtained by the Cassegrain, I did 
not carry my experiments further. It is my in- 
tention to make further experiments to ascertain 
the difference of curves required to produce dis- 
tinct Vision, with the three constructions, namely, 
Newtonian, Gregorian, and Cassegrain Telescopes; 
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the results of which I shall feel great pleasure 
in OHnmunicating to you as soon as made; and 
remain^ Sir, 

" Yours respectfully and obliged, 

"John Cuthbert." 

To Dr. KiTCHIKEB, &c. 

In the course of th^ last 30 years, I haVe seen the 
following Cassegranian Telescopes — Short's Dumpy, 
2 feet long, 6 inches diameter — Watson's Dumpy, 
7J inches long, 3 inches diameter — a 30 inch of 
6 inches Aperture, made by Mr. TuUey, foi' Mr. 
Custans^ which was afterwards in Mr. Wm. Walker's 
Observatory. 

The Trial Telescope which Mr. Tulley made 
for Mr. Hodgson, was 5^ths inches Aperture, 
and 30 inches long — ^and had one set of Casse- 
granian and another set of Gregorian metals. 

Mr. Hodgson's Observations on their performance, 
which I found in the case of the Telescope, are 



Gregorian. 


Cassegranian 


70 good 


80 middling. 


100 good 


1201 


126 good 


200 > very dull 


200 middling 


320*) 



From which it may be fairly inferred, taking it for 
granted that the two Telescopes were equally per- 
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feet — that the diminution of light occasioned by the 
small increase of the magnifying power of the Casse- 
granian metals, induced him to imagine the Gre- 
gorian was good, while the Cassegranianwas only 
middling, or very dull — for Mr. Tulley has assured 
me, that the vision was equally sharp with each set 
of speculums. I tried the Gregorian set against a 
very fine 6 feet Achromatic, of 3-^^ths inches aper- 
ture, and with equal powers it shewed a printed 
Paper better than the Achromatic. — See Chapter on 
Illuminating Power. 

Mr. George Hodgson, F.R.S., built an Observa- 
tory at Hoddesdon, Herts. He was a very ingenious 
person, and purchased the Instruments for his Ob- 
servatory without any regard to the cost of them — 
and had the following Telescopes — therefore had 
sufficient means to judge of the comparative powers 
of various Instruments, 

*A Newtonian, by Sir Win.Herschel, 7 feet focus, 6^ths diameter, 
*An Achromatic, the favourite Telescope of the 

late Mr. Peter DoUond, 5 feet focus 3^ths 

♦Ditto 46 Inches, the favourite of Mr. A. Aubert, 

by Mr. Peter Dollond aftths 

♦Ditto 45 Inches, the favourite of Wm. Larkins, 

Esq. by Mr. Peter Dollond 2^ihs — 

*A 30 Inch Achromatic, by Mr. G. DoUond . . 2^ths 

• Those marked with* were purchased by the Author of this 
work. 
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A 30 Inch Cassegranian and Gregorian, above 

mentioned 5^ths diameter. 

A 5 feet Newtonian, by Mr. Tulley 5 ■ " 

A46 Inch Achromatic, by Mr. Tulley aftths 

And half-a-dozen other Telescopes, &c. 

His Instruments were sold by Mr. S. Sotheby, in 
March 1824. 

It has been said by several Practical Opticians, 
that that curve of the Large Speculum which may 
be most perfect for a Gregorian with a Concave Small 
Specidum — ^wiU not be so proper for a Cassegranian 
with a Convex Small Speculum, I cannot under- 
stand why that figure which performs well with the 
Concave should not act as well with the Convex. 
An Object-Glass, or Newtonian Telescope, which is 
distinct with a Convex, is equally distinct with a 
Concave Lens. 

*' An experienced Telescope-maker told me, that 
during the time that it was the fashion to admire 
the Illmninating power of the Cassegranian Tele- 
scope — he made a Cassegranian convex small 
Speculum, and fixed it on the same arm, on the 
back of the . Concave ; and it was equally distinct 
with the Concave, and equally light : and the ex- 
periments which he then made perfectly satisfied 
him, that a Gregorian Telescope is as light as a 
Cassegranian." This, if the Reader has a Gregorian 
Telescope, he may see for himself, by getting a 
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Convex small metal, of the same magnifying power 
as the Concave, which he may procure for a Guinea. 
As honest Isaac Newton wrote in page 600 of 
vol. X. of the Phil, Trans. — " This is to be decided 
not by Discourse, but by a new trial of the Ex- 
periments." 



CHAPTER X. 

HOW TO ADJUST, OR SET A TELESCOPE, AND OP 

THE FIELD OF VIEW. 

From the want of knowing how to adjust a Tele- 
scope to distinct Vision for difierent Distances, I 
have not been much surprised when I have heard 
some people complain most clamorously, that they 
never met with a Glass through which they could 
see distinctly ; and others, that their Eye is always 
so strained by looking through a Telescope that they 
are afraid to use one. 

However, to look through a good Glass when it is 
accurately Adjusted, I believe is very little, if any, 
more fatigue to the Eye, than it is to look with tas 
earnest attention, at the same Object, for the same 
length of time with the naked Eye. 

It should be explained to those who have not been 
accustomed to use Telescopes, that if every part of 
the Instrument is perfect, and perfectly clean — 
that if objects do not appear perfectly distinct, and 
sharply defined, that fault must arise either from the 
various parts of the Telescope not being properly 
adjusted to each other, or to the Instrument not 
being adjusted to the Eye of the person observing. 
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Each person ought to set a Telescope for his own 
Eye, for almost every Eye, even of people of the 
same age, has its peculiar focus. 

Persons unaccustomed to adjust a Telescope, are 
often unable to do so with that degree of nicety 
which is needful to produce perfectly distinct visicm: 
and it is extremely difficult for another person to do 
so for them, however well acquainted with the usual 
peculiarities of the Eye at various Ages : — thus the 
most interesting parts of Telescopic Exhibitions are 
often seen but very imperfectly. 

To give some idea of the Focus, Opticians some- 
times draw a line round the Tube, where the Tele- 
scope is most distinct for a Common Eye at the 
distance commonly required. 

As the Reader may have observed, that th6 Spying 
Glasses which are in use at Watering Places — and 
at Sea — have a mark on their tube which is called 
the place to set it to — ^very few persons have any idea 
that every variation in the distance of the Object, or 
the Age of the person, requires a variation of the 
adjustment of the Glass. 

When You use a Telescope, — hold the Outer tube 
in one hand, and the Inner with the other hand — 
look through the centre of the Glass at the Object 
you mish it to shew you, and adjust it patiently 
and precisely: — thus, — press the Eye-tube towards 
the Object-Glass, Vision will gradually increase in 
distinctness as the Eye-Glass approaches its proper 
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tlistance from the Object-Glass, and when there, the 
Object will be seen perfectly and sharply defined — 
if the Eye-tube be put in beyond the proper dis^ 
tance, the object will again become, indistinct, and 
in that case, the Eye-tube must be withdrawn 
^igain : — a very little practice, will wable a person 
easily to obtain the precise poifit at which the most 
perfect distinctness can be obtained.^ — 1?his is a 
much better way of adjusting a Glass than to put 
it up to the Eye, and then pull out the Inner tube — 
by which act, if the tube does not slide regulariy, or 
is shorter than you expect, it may suddenly slip 
out, and strike your Eye, and plant a Cataract. 

The greater the Magnifying power of a Glass, the 
greater nicety is required in adjusting it. 

If You wish to see any thing further ojf^ or 
wearer, •^— for each variation of distance, a corre- 
sponding variation of Adjustment is required ; 
t. e. of the distance of the Eye-piece from the Object- 
Ola^ — ^which must be diminished, in tbe proportion 
that the distance <^ the Object is increased. This 
mtion . is quite necessary — I have met with many 
persons who have condemned a Glass because they 
could only see some objects distinctly with it, and 
for others they found it useless — merely, because 
they had not been told, that — every variation of the 
Distance ^ the Object, requires a corresponding 
variation in the Adjustment. 

More Glasses have been condemned for the want 

i2 
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of this knowledge than from any other cause — and 
more Eye and Object-Glassea have been spoiled. 
Those who are not aware of it suppose that when 
they turn their Glass to an Object to which it is not 
adjusted that its Glasses want wiping, and they 
keep rubbing, till in a little time they render them 
about as unfit to look through as Ground Glass. 

Sometimes a Film or Fog forms between the 
Object-Glasses, or, as the Optical phrase is, " the 
Glasses sweat:'' — when this happens, they must 
be taken out of their cell and wiped with a bit of 
soft Leather or of very fine Silver Paper— but never 
do this but when it is absolutely needful, and th^i, 
take care to replace them in the same position; it is 
seldom requisite oftener than once or twice in a Year. 
Nor wipe the Object or Eye-Glass except they really 
require it — as often as you wipe them — you scratch 
them a little. 

To See an Object distinctly at any given distance. 
The longer and older the Sight of the Person, the 
longer the tube must be drawn out — ^Thus — ^if a. 
person of 20 years of Age, who has a common Eye, 
has adjusted a Glass, for distinct vision, at the dis- 
tance of 60 yards — and wishes to set it so that a 
person of 40 or 60 years of Age, who. uses Convex 
Spectacles of 36 or 30 Inches focus, may see as 
distinctly with it an olgect at the distance of 60 
yards — he must pull out the tube about the eighth 
of an Inch further, •'—more or less^ as the Eye is 
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longer or older, the Telescope is longer or shorter : 
and the Magnifying power, and the distance of the 
Object, are more or less, — or they must look through 
the Glass with their Spectacles on. 

Near-sighted People, when they wear their 
Spectacles, See at the same focus as persons 
who have a common eye — without their Spectacles 
the tube must be pushed in nearer to the Object- 
Glass. 

The best way of holding a Glass, 

If you put it up to your Right Eye, hold it with 
your Left Hand — in such a manner, that the Left 
Arm forms a blind before the Left Eye. 

Some Fidgety folks, when not looking through 
their Glass, keep ever and anon, pawing, and wiping 
the Eye or the Object-Glass; — neither of these 
should be touched, — except when it is absolutely 
necessary to clean them, and then, only with a bit 
of soft Leather, fine Linen, or the finest Silver 
Paper. 

The Sliding Tube soon becomes dirtied by the 
dampness of the hands ; — ^to avoid this, do not touch 
the Sliding Tube, but take hold only of the Neck of 
the Eye-head, and adjust by that. The Sliding tube 
must be wiped occasionally, so that it may slide 
smoothly — if it will move only by fits and starts,' 
you will not be able to adjust it accurately. 

I have heard persons (unacquainted with the 
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« 

Laws of Optics,) complain, that a Glass magnify- 
ing 40 times, has not so large a Field of View a& a 
Glass which magnifies only 20 — this cannot be 
remedied ; — ^their only alternative, isto have a small 
Field distinct, or a large Field of little or .no use — 
with a power of 40 they have in quality, .what with 
20 they have in quantity> and the olqects which 
they do see, they see mych more than twice as 
distinctly. 

When a Telescope magnifies more than 100, it is 
as difficult as it is desirable to keep an object 
exactly in die middle of the Field at the same time 
that we are adjusting the Vision. Few Eye-pieces 
are so constructed t^at the field is so flat, that the 
Vision is good in the centre when, the telescope is 
adjusted, while the object appears^ in the side of the 
field ; and therefore, persons who are not paitieiUar 
in keeping the object in the middle of the field, get 
a notion that every telescope has some peculiar part 
of the field more distinct — ^this is merely because they 
adjusted the instrument while the Object was in 
that part, or the Instarument is out of Adjustment, 
or defective, and the errors of the Eye-glasses correct 
those of the Object-Glass in certain parts of the 
Field. 

AU good Telescopes that are in good adjustment, 
are most distinct in the central point — ^those which 
appear otherwise only appear so because they have 
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not been properly adjusted when the object was 
exactly in the centre of the field. — See Clock- Work 
Equatorial Motion, in Index. 

For Iqrge Adjustments, and that the Telescope 
may be used for near oljects, (and occasionally do 
the business of a Microscope*^ i^ should have a 
SUding Tail-piece ; — and the Tooth and Pinion for 
the fine Adjustment must be finished very carefully, so 
as to move easily and smoothly, or it will shake 
the Glass while adjusting it. 

The MacUincTy for adjusting the focus, may be as 
much too fine — as too coarse. — ^The fine Screw adjust- 
ment, which still seems the best that can be applied 
to Gregorian Reflectors, was applied to the original 
46 Inch Achromatics — but when even a power of 
150 is applied to them it is not quick enough, and 
the focal point is not half so easily and exactly hit, 
as with the Tooth and Pinion adjustment on the 
side of the Tube. 

A badly finished Adjusting Screw is one of those 
defects, we must expect to find, in Instrum^its,. 
which are so very rarely used by those who make 
them — the workman is not aware, how indispensable 

* A £>nner writer has observed, that a Spider at work is a 
curious object for such a Microscope, adding that you may 
observe his proceedings at such a distance — ^that the ingenious 
iniect will not be ip die least disturbed, nor have the least idea 
^t you are watching his Web-making ! 



182 ADJUSTING TELESCOPES, &C. 

it is^ that the Telescope be perfectly steady during 
the adjustment of the focus. 

There should be two Steadying sliding Tubes ap- 
plied from the eye-end of the telescope to the stand. 
These will greatly diminish the tremour, which is 
such an impediment to Vision. 

When the Eye is perfectly satisfied with the 
adjustment of the fodus, let the Telescope be so 
placed that the object may pass through the field, the 
Instrument remaining at rest during the time : — this 
answers better than tottering after it with Rackwork. 

Very remote Terrestrial cibjects are best seen about 
an hour or two after Sun-rise — or an hour or two 
before Sun-set. When I was at Brighthelmstone 
some years ago, I could, in the early part of the 
Morning and Evening, very easily see the Isle of 
Wight ; which, in the intervening hours of the day 
was hardly perceivable. 

Telescopes act best when used in the same direc- 
tion that the Sun Shines. Mr. Varley observes, 
" I have known Good Telescopes condemned by 
trying them upon objects situated towards the East 
in the morning, the South at midday, or the West 
in the evening.*' 

OF THE FIELD OF VIEW. 

The field of view in Telescopes constructed with 
Convex Eye-glasses, — is (regulated by the Stop which 
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is placed in the focus of the 1st Eye-glass, or that 
next to the Eye ; — the diameter of the Stop is regu* 
lated by the diameter of the 2d Eye-glass, the dia- 
meter of which varies) according to the Magnifying 
power used. If the Stop be opened larger than the 
2d E. G. it will produce a strong Orange Colour 
around a very indistinct margin. 

The Apparent Field may be easily ascertained by 
measuring the number of degrees contained in the 
space taken in by the Telescope when directed to 
the heavens, or to some very distant objects. Thus, 
as the apparent field of the Full Moon is about half 
a degree, if the Telescope only take in the Moon, we 
say its field is half a degree ; and '* ceeteris paribus " 
the field of view becomes smaller as the magnifying 
power becomes larger. The distance between the two 
pointers of the Great Bear is nearly five degrees. I 
mention this, to help the eye to estimate distances in 
the heavens. 

With the same Magnifying power, the field of 
view is the same, whether the Aperture of the Tele- 
scope be One Inch, or Three. This is easily proved, 
by contracting the Aperture of a Three Inch Tele- 
scope to One Inch, when the field of view will remain 
the same ; — ^you will find that the only difference in 
its appearance, is the diminution of the brightness 
of it. 

But with Perspectives or Galilean Telescopes, 
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or Opera Glasses which have a Coficave Eye- 
glass — The Field of View, when they do not mag' 
nify more than Twice, depends in a great measure 
on the Diameter of the Object^Gtass. 



CHAPTER XI. 

HINTS FOR SHEWING CELESTIAL OBJECTS TO 
PERSONS WHO HAVE NEVER SEEN tHEM 
BEFORE ; AND OBSERVATIONS ON THE IMPORT- 
ANCE OF THE PORTRAITS OF THE PLANETS, 
AND THE DIAGRAMS OF DOUBLE STARS. 

The Editors of fonner Optical and Astronomical 
works seem not to have been sufficiently sensible of 
the importance of presenting to the Eye accurate 
Portraits of the subjects of the Astronomer's con- 
templation. 

Nature has given Eyes to all, an Understanding to 
few. Ocular demonstration is not only more de- 
sirable per se, but is more generally comprehensible 
than description ; in the ratio, that more men can 
see than can reason. 

However, it does not appear to me that any of the 
representations of the MoOti or Planets given in 
former publications have been taken from Nature — 
(excepting Russell's moon^ and Dr. Herschel's prints, 
in the Phil. Trans.) :' the Moons are miserable imi- 
tations of Hevelius's or Cassini's; and the only 
drawings of Saturn that in anywise resemble the 
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Planet^ are bad copies of that made with Mr. Had- 
ley's Newtonian Reflector in 1723 ; or those given by 
Huygens in his Systema Saturnium, 4to. 1669, in 
page 16 of which work he has given a drawing of 
the Planet without its Ring, as it appeared on Jan. 16, 
1656; in p. 18, the reappearance of the Ring — 
and in pp. 21 and 24, two figures^ which latter are 
such good representations of Saturn, I am surprised 
to find neither Belts nor Division in the Ring depicted, 
which I think must have been visible to him^ if he 
saw the Planet as large as his print, and as well 
defined; in p. 35 are the 13 monstrous strange 
pictures of Saturn — which are copied in Dr. SmiA's 
Optics, Sac; and in p. 55 is the drawing of the 
phases of the Ring, which has been copied into 
most of the elementary works on Astronomy. 

Most of the other Portraits of the Planet, &c. are 
about as much like the Originals, as the sign of 
'* The Seven Stars'' on the alehouse at Brentford 
Butts is like the Pleiades. 

The pictures of the Planets heretofore given in 
Astronomical works, seem to have been painted by 
the Imagination, rather than with the Eye, and 
remind one of the productions o^ some of the primi- 
tive Painters, who, with a modest consciousness of 
their lack of ability in their Art, or the want of discri- 
mination in the Spectators, wrote under their Pic- 
tures, " This is done for a Black Lion ;" or, " This is 
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a White Cat;" and instead of the Picture illustrating 
the press, the latter was employed to explain the 
former. 

I consider it the chief merit of a Print that it is 
an accurate representation of the actual appearance 
of the Planet as seen in a powerful Telescope. 

The engraving of Saturn, represents that Planet 
as it appeared in 1824, through my Herschel 7 
feet Newtonian, with 6^ths inches aperture, and 
an Huygenian Eye-piece magnifying 213 times — 
and in a 5 feet Achromatic, of 3^f^s aperture, 
magnifying 190 times ; — and I trust will be 
acceptable to those who have not an Instrument 
of sufficient perfection and dimension to shew the 
Original. 

It is sometimes no easy maUer to make a Novice see 
either the Belts of Jupiter — or the Belt on the Body 
and the Division in the Ring of Saturn, the separation 
of Double Stars, &c., it is difficult to imagine what 
appearances are described by those Words — but when 
they have been pointed out in a Portrait of them, I 
have found people discern them directly — and can- 
didly declare, that they knew not before what they 
were to look for. 'Mt is much easier to see an 
object when it is pointed out to us, than when it falls 
in our way unexpectedly, especially when of such a 
nature as to require some attention to be seen at 
all."— Dr. Hbrschel, in Phil. Trans, for 1782. 
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Therefore, those who wish to entertain, their 
Friends with exhibiting to them. these Celestial Phe- 
nomena — should first clearly explain to them, what 
they are to see, by shewing them a Portrait of the 
Object, — then, give them a general view of it with a 
low pow^ of 60 or 80, which having a large field 
will allow the Planet to remain in view for a couple 
of minutes — and then refejr again to the Portrait 
of it: — when thus prepared, the , Exhibitor may 
proceed to apply such M^^ifying powers as are 
beat suited to the size of the Telescope and the 
nature of the Object to be observed. 

A mode of calculating the due degree of Mag&i- 
fying. poww for each Telescope and each object, I 
shall, in the following pages, I hope, succeed in ex- 
plaining in the clearest manner. 

A Telescope for skewing other Persons, should 
have for a Finder a one foot Achromatic with a 
power of 15 times, with several cross wires; this 
should stsmd out so far from the Telescope that One 
Person may conveniently look through it, while an- 
oth^ is observing through the Telescope; and by 
means of Rackwork the person looking through the 
Finder may easily keep the object in the field 
of the Telescope, provided it does not magnify 
m(^e than 130 times; almost as convenient a mode 
of observing with a common Finder may be pro- 
duced by fixing before the Eye-tube a plain small 
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speculum set in an angle of 46 degrees — or any of 
the diagonal Eye-tubes. 

It is extremely tiresome and fatiguing to the Eye 
to be continually finding objects for People who 
are unacquainted how to keep them in the field when 
they have got them; and no Object should be shewn 
to such folk that requires more than 130 times to 
render it plainly visible. 

When a Telescope magnifies 130, the objects pass 
the field very rapidly; that is, in my 6 feet Achro- 
matic, with the Huygenian Eye-piece, which magni- 
fies 130 times, in 1 minute and 30 seconds — and the 
objects are perfectly distinct only during fds of that 
time, as the Margin of that Field is seldom distinct 
with the same adjustment as is requisite for the 
Middle of the Field. 

Appointments to view Celestial Bodies 
are seldom kept punctually by Terrestrial Bodies. 
The Exhibitor is expected to stay at home whether 
the night be fair or foul — the Invited tell him when 
they see him, perchance a month after — '* Well, friend 
Astronomer, I thought you would not expect us — 
the weather was so exquisitely uncertain !** Now, if 
the Sky had cleared up during any half-hour in the 
Evening, these selfish triflers would have cried out 
for Ever and Aye, if they had come and not found 
their Showman at home — therefore, always make a 
positive Bargain, that, hit or miss, whether Fine Or 
Foggy, You come here at such an hour if you expect 
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Me to stay at home^ — is it not clear enough to the 
humblest capacity, that it is merely common Good 
Manners, if you expect me to entertain You if 
it is Fine — that you should come and amuse 
me (if you can) if it is Foggy. Tell all who purpose 
to visit your Observatory that these are the conditions. 
Those Planet-struck persons who do not comprehend 
the Equity of this doctrine are better without your 
Doors than within them. You will certainly not 
suffer any such Ill-bred Idlers to play you such a 
trick Twice, unless They have a much larger stock 
d Impudence than you have of Understanding. 



CHAPTER XII. 

HOW TO CHOOSE AND HOW TO USE THE MAGNI- 
FYING POWERS FOR DAY TELESCOPES. 

The degree in which Magnifying Power may be 
applied, depends on the Dimensions and the De- 
fining Power of the Telescope, on the Distance of the 
Object, the degree in \^hich it is illuminated, and 
the state' of the Atmosphere: it is, therefore, very 
difficult to fix precise limits to it by General Rules. 

To afford an opportunity of trying many entertain- 
ing experiments, the Day Eye-tube of an Achromatic 
Telescope should have a Pipe-Drawer. — See Index. 

The Screw which receives the tube that contains 
the two first Glasses should be the same as the screw 
which is at the Eye-end of the Telescope. 

The Two first Eye-glasses should be fitted into a 
sliding tube within the Pipe-drawer — -which by sepa- 
rating from the 3d and 4th Eye-glasses will increase 
the Magnifying power |ds — ^thus, if the power is 30 
when the tube is shut in, when pulled out to its ex- 
treme separation it will be 60. — See p. 32. 

All Day Eye-tubes, especially of the Sliding Tele- 
8C0{>es, which are called Military Telescopes, should 
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be thus constructed — the additional Expense or the 
Weight of the inner brass tube is a mere trifle — ^this 
is an extremely convenient contrivance, as it enables 
you to obtain the exact degree of Magnifying power 
adapted to the state of the Atmosphere, and the 
nature and distance of the Object — and serves the 
purpose of several Eye-pieces. — ^Read the Chapter on 
The Pancratic Eye-Tube. 

The most regular, and most satisfactory manner of 
arranging the Magnifying Powers of Telescopes, 
would be in the order of the Diameters of the Pencil 
of Ratys transmitted by them, beginning at -^jsths of 
an Inch for a Night-glass, 8cc., and proceeding to 
■yVth of an Inch for very bright Day Objects and 
Planets. 

The Magnifying Power which is given by reducing 
the diameter of the Object-glass into Tenths of 
Inches, and multiplying that by Two, is the power 
usually put to the ordinary Day Eye-tube of an Achro- 
tnatic Telescope — and with this. You will have all the 
advantage that Illuminating power can give, that is to 
say^.,4bs low a Power as is wanted for any purpose 
exce^Kt a Night-glass, by reducing the aperture of a 30 
Inch Achromatic, which is usually 2 inches, into 
tenths, which gives 20 for the Magnifying power : — 
multiplying that by 2 will give the power usually 
applied to such a Telescope for Day purposes — ^that 
is, 40 for a 30 Inch with an aperture of 2 inches — ^and 
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54 in a 3| feet, with an aperture of 2^th6 inches, 
the diameter of the Pencil of Rays will thai be the 
twentieth of an inch — ^multiply by 3, and you will 
have a high power for clear days« — ^by 4, and you 
will have, in a 30 Inch Telescope, of 2 inches aper- 
ture, a power of 80 and a pencil of the 40th of an 
i&ch in diameter, which is as small, and the Magni- 
fying^power as large, as the Illuminating power of 
the Object-glass will bear for Day purposes, except in 
extraordinarily fine Clear days, and on Objects which 
are uncommonly well lighted up. (See page 206.) 
I have used 160 with an aperture of 2^ths inches, 
with great advantage, when a mile or two from the 
suburbs of the City: — it is astonishing how very 
much more transparent the Air is only half a mile 
from the borders of London ; so much so, that a Tele- 
scope will act in an incredibly superior manner ! — 
methinks I hear the Reader sigh, to think what hard 
work the Lungs of our good Londoners have to per- 
form, to extract Vital air from such a mass of Vapours! 
The Extent of Vision is limited by the myriads of 
heterogeneous particles which are constantly floating 
in the Atmosphere, these form a kind of veil which 
obscures distant objects, and the more the atmo- 
spheric medium is loaded with these particles, — the 
laoriB a Telescope magnifies, — ^the more distant the 
Object from it — and the nearer it is to the horizon, 
the more obscure and indistinct becomes the Vision, 
so— 
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For determining the sharpness (^ I)ajf Telescope, 
try them at objects npt more than a hundred Ysurds 
distant,*' — at an o|}ject hfdf a mile distant, in many 
days of th^ Year you can baldly t^U a gopd Glass 
froj» an indifferent one. 

The exhalaticms which continually ari^ froni the 
Earth augpient the aboye-mentioiied iinpediments^ 
and render the air less transparent, especially near the 
hori^n : biit the obscurity arising frpm the exhalations 
is not the least part of the inconvenience which they 
occasion; they have an undulating motion like that of 
smoke or steam, so that objects seen through them, 
appear to have a tremulous or dancing motion, which 
is sometimes s^isible even to the naked Eye. . 

If Distant oljects are viewed on a hot Summer's 
day, this impediment to vision is sometimes so strong, 
as to render Telescopes entirely useless for Terrestrial 
purposes when they magnify more than 60 or 70 
times. 

These Obstacles often prevent oi;r using Large In- 
struments and Large Magnifying powers with any 
thing like that advantage, which thos^ who are unac- 
quainted with these things, imagine that they may 
be employed : — ^for views of more than two miles 
distant, and for half the days in a year, an Aejuro- 
matic of Two inches aperture, or ^ Gregorian of 
Four, will do almost as much as any larger Tele- 
scope. — See a particulax account of a 2 feet Gr€;gor 
rian Telescope in p. 1 17 of Chapter VII . on Reflectors. 
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Wo should never use a higher Magnifier than we 
absolutely want; — the lower the Power, the more 
beautiful and brilliant the Object appears: — the 
field of view is proportionately large, more uni- 
formly good and distinct^ — and the motion of the 
objects passing it pro]portionately less: — thus they 
may be observed with greater ease and quiet atten- 
tion. — See an aocQunt of the time which a Celestial 
Object i$ passifig through the field of Eye^tubes of 
diSeretki magnifying power, p. 47. 

There is no use in the pencil of ray3 being of 
larger diameter than the Optic pupil ; tibiis varies in 
magnitude, acc<Mrding to the brightness of the object 
presented to it, from One to at least Two -Tenths' 
(rf an Inch, — See the Frontispiece to the First Part 
of the Economy of the Eyes. 

When the hght is too strong, or the Object is too 
bright, the Pupil instinctively contracts to intercept 
that excess of light which would otherwise offend 
the eye: — when the Light is faint, the Pupil ex- 
pands, that a greater quantity of light may enter 
the Eye, and thus make a stronger impression upon it. 
This contraction and dilatation of the Pupil may 
be observed by holding a looking-glass, (or, what ]» 
still better, the lowest small speculum of a Gregorian 
telescope,) before your Eye at a window, and turning 
giadually from it, continually looking at the Eye* 
It may be more easily and perfectly seen by atten** 
tivdy watching the eye of another, during such a 
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change of position : I think it is most agreeably ob- 
served in a fine full bright Blue Eye. 

Ordinary Portable Achromatic Te/escqpe^ (see p. 24,) 
are often charged with so low a power for Terrestrial 
purposes, that they are rather calculated for Night- 
glasses, than Day telescopes; this is done to suit the 
convenience of common purposes, and because they 
are mostly used without a stand, without which a 
higher power would be useless : — if the Object-glass 
be good, they will carry at least one-third more power 
than they are commonly charged with. When I 
read this remark to an Optician, he said> *' Yes, that is 
all right if the instrument was to be used on a Stand, 
and by a person in the habit of adjusting a Telescope, 
otherwise, the absolute necessity of the positive focus 
being found, would be, to common untaught Eyes, 
a difficulty they would not so easily overcome." 

The magnifying powers affixed to the above-men- 
tioned Telescopes, in the 7th column of the Table of 
Achromatics, (see p. 24,) are those they are usually 
charged with. 

If they are fine Instruments, they will bear much 
higher powers: and all Portable Sliding Telescopes 
should have a Separating Eye-tube or a Pancratic ; — 
but it requires some prp-ctice, and a steady hand, to 
use higher Magnifiers with advantage, the tremours 
of the hand and the body being magnified in propor- 
tion to the Magnifying power ; so that persons who 
are not accustomed to use a Telescope, even with 
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the common powers, complain of great difficulty either 
in finding or keeping an object in the field of view. 

A Walking-stick, introduced into the waistcoat 
pocket, is a good steadying Staff. 

Opticians have constructed various very steady, and 

POBTABLE AND FOLDING STANDS, 

some of which double together into the form of a 
Walking Stick. 

A Stand is always a desirable, indeed an indis- 
pensable, apparatus, if you, wish to shew an object 
to another person. — Stands must be steady in pro- 
portion to the Magnifying power employed. 

Brass and other stands are now made so very light 
and portable, they are most desirable companions to 
a Telescope. 

My favourite Portable Stand was contrived for me by 
that ingenious and excellent Workman, Mr. Price, o/* 
Fetter Lane, Fleet Street — it has arising pillar, wilJbi a 
collar and clip at the top to fix it firmly at any 
height — a hinge to the clip which is screwed, not 
soldered on ; a Finger Screw to regulate the tight- 
ness of the Vertical motion, and it may be detached 
from the Brass Legs and put into a Tripod, which 
folds in the form of a Walking Stick. 

Care should be taken to fix a Telescope on the 
Stand in the centre of Gravity, and that it is 
balanced as evenly as possible when the Cap of the 
Object-end is off. 
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It will Tery much assist the Eye to wear a kind of 
goggle, big Plough to go over the Eye-piece, to 
defend the organ of vision from the intrusion of col- 
lateral rays, which, without such a shield, distract 
and strain the sight, and prevent the perfect adjust- 
ment of the Eye, by its receiving the stimulus of 
surrounding objects and light, — ^at the time its whole 
attention should be confined to the pencil of rays 
from the Telescope; this may be made either of 
Leather, or Black Silk stiffened with varnish — and 
may be veiy easily attached either to the. Eye-head 
or to a Spectacle frame. 

THE EYE-HEAD 

should be of Black Ivory, not less than an inch and 
^ths in diameter, and made Concave scmiething m 
the form of an Eye-bath — or a semicone forming a 
shade on the side similar to those prefixed to the 
Tubes used for viewing Pictures — so tfiat it may 
form a Screen around the Eye, and prevent the in- 
trusion of any rays upon the retina, except those 
coming directly from the Glass — this will not or^ 
improve the Vision very much, but render it much 
easier to the Eye, which cannot adjust itself per- 
fectly, while it is exposed to the stimulus of surround- 
ing Objects. 

Such defence from the intrusion of collateral rays 
will prevent the picture on the retina being con- 
fused by those adventitious rays which otherwise 
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distract it ; if only those rays are admitted into the 
Eye which come direct from the object under ex- 
amination^ it will make a more vivid impression on 
the Sights which will be sharpened and strengthened 
very much. 

This is worthy the attention of all who wish their 
Eyes to enjoy the utmost sensibility that they are 
capable of being excited to *^-* because. 

The action of the Eye, like the action of a Tele- 
scope, is perfect, in the proportion that its adjust- 
m^ht is |)^ci> wheti All its attention in concen- 
tmtdd on one objeet> the sensibility of die. Sight is 
much increased; — moreover, you will not OAfy see 
better, but Vision being rendered easier, your Eyes 
may be employed longer, with less fatigue. 

The fi!ye will be seni^ble of this assistance in the 
Daytii^e, but more especially when observing 
Planets or Stars on Moonlight nights. — See Dewcap 
and Black Hood, in the Index. 



CHAPTER XIII. 

THE 

PANCRATIC EYE-TUBE, 

INVENTED BY 

WILLIAM KITCHINER, M.D. 

* - - -■ * ' 

Is applicable to ACHROMATIC* and Reflecting 
. Telescopes of all Lengths, and also to Micho* 

^ SCOPES. 

This Eye-Tube is applied to the Telescope in the 
same manner as other Eye-tubes, and is adjusted to 
distinct Vision by the same Pinion motion. 

For the Lowest Magnifying power, the Three 
Inner tubes must be shut up within the Outer one;^ — 
when the Magnifying power is to be increased, the 
smallest of the sliding tubes^ A, must be drawn out 
to either of the numbers engraved upon it; care 
being taken not to draw out any part of the other 
sliding tubes, B and C, until the whole of the First, 
A, is pulled out ; — the Second tube,„ B, may then be 
drawn out to either of the numbers engraven thereon ; 
and in like manner the Third tube. 

* Those in which the Errors arising from Colorific refraction^ 
are corrected by the figure, position, and refractive power of the 
Lenses which constitute the Object-glass. 
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The numbers engraved on the Tubes, denote the 
Magnifying power of the Telescope. 

To change the Power for any less power than the 
one to which the tubes have been drawn out, the 
reverse of the above-described mode of proceeding 
must be observed; — the largest tube must be re- 
turned first, and so on, until they have been brought 
back to the number required. 

Each alteration of the Magnifi/ing power will re-^ 
quire a new adjustment of the Pinion; — -as the Mag- 
nifying power is increased, the distance between the 
Eye-glass and the Object-glass miat be diminished. 

" It has long been known, that the Magnifying 
powers of Telescopes could be augmented by increaS'- 
ing the distsmce between the two glasses next to the 
Eye, and the two that are next to the Object-glass, 
to almost double the power of the Eye-tube in its 
usual form, i. e. from 30 to 55. This is the utmost 
that Opticians have heretofore accomplished; — yet 
this variation is so desirable, that I think it only re-^ 
quires to be. generally known, to be generally desired, 
both for Convenience and Cheapness*. 

" A few months ago, I saw an Eye-tube, made 

r 

* Before Mr. Jesse Ramsden invented, about 1785, 7%e Pij^e- 
Drawer for the Terrestrial Eye-tube of an Achromatic — and 
changed the Magnifying power,- by changing the two Glasses next 
to the Eye — ^for which half Eye-tube he charged half a Guinea — ; 
for every change of Mag^ifying power, there was the incumbrsuice 
^d expense of another Eye-tube, costing £l. Is. '. ^ 

k2 
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by Mr. Cauchoix, with a seaie of magnifying 
powers from 25 to 73 ; but^ upcm trials I found that 
the vision was perfectly good only between 35 
and 45. 

" My attention was strongly excited by the idea 
of One Eye-tube effecting the whole business of 
Magnifying ; and after several experiments, with the 
assistance of Mr. S. Pierce, I combined lenses of 
such proporti(Mis, that they admitted of being sepa- 
rated from each other so as to Magnify at one extre- 
mity, more than double what they did at the other, 
the vision continuing uniformly distinct. 

*' Having now d<me more than had been previously 
effected, I brought it to You. The approbaticm You 
expressed of what I had done, so encouraged me, 
that I appUed unceasingly, determined to perfect the 
object in view, which I have now accomplished. 

'' I beg to present to you the following accurate 
measurement of the powers, and fakhftil account of 
the performance of 

'' The Pancratic Eye-Tube, which I think 
gives a better d^ned image of a fixed Star,— ^ and 
shews Double Stars decidedly more distinct"*, and 
perfectly separated, than any other Eye-tube, and I 
hope will enable us to determine the distances of 

* Especially in Achromatic Telescopes, which are, what is 
termed, a little over-corrected, and the piirple rays predominate : 
^t is, when the focal length of the Convex Lens, is formed rather 
too long for the Concave, 
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the^ olajects from each other, in a more perfect 
mami^r than has been possible heretofore*. 

'^ This Eye-tube, wheii accurately made, applied 
to an Achromatic of 44 inches foetus, produces, in 
the most perfect manner, every intermediate degree 
of Magnifying power between 100 and 400, either 
for Celestial or Terrestrial uses — the lieldf of 
Vision continuing uniformly distinct. 

* This is accounted for, from the greater degree of the aberration 
arising from the extreme spiericity of the lenses in Eye-pieces 
composed of One or Two lenses which magnify so highly. ** If 
any one, for instance, would have the tisual tmgle of a T^leseop^ 
t9 Gwtain 20 degi^es, the extreme pencils of tbo field nuit be 
b»t or Fdfrncted in to angle of 10 degi«e8 ; whieb> if it be pei^ 
farmed by One Eye-glass, will cause an aberration from the figure^ 
ia proportion to the cube of that angle : but if Two Eye-glasses are 
so proportioned and situated, as that the refraction may be equally 
divided between them, they will, each of them produce a refraction 
equal to half tiie required angle : and therefore the aberratioA 
being ia propoftioa to the cube of half the angle taken twice ovttF, 
will be but a fourth part of that which is in proportion to the cube 
of the whole angle; because twice the cube of Ova is but ^th of 
the cube of Tuw; so the aberration from the figure, where Two 
Eye-glasses are rightly proportioned, is but |th of what it must 
unavoidably be where the whole is performed by a Single E(i/€^ 
glass. — See Mr. J. Dollond's Letter to Mr. Short, Phil. Trans. 
for 1753 — and see a luminous paper on the Aberrations ofCom^ 
fomd Lenses and Object'GlasseSf hf J. F. W. H£rschel, Esq^, 
r.E.S. inlhe P«t?. Trans, for 1821 .—See a proof that the Theory of 
^is profound Mathematician is practically true, in Chapter XX. 
of this work. 

tit may be said that common Eye-tubes have rather a large 
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'* Therefore it is presumed^ that th^ advantage of 
my Pancratic Eye-tube over the usual Gommon 
Eye-tube, in variety of Magnifying power, — conve- 
nience, — cheapness, — and portability, — is as 300 to 
1. — The cost of a common Eye-tube is One Poimd ; 
of the Pancratic only Two Pounds, Two Shillings. 

" The Tubes are graduated; every 10 degrees, 
thus, 100, 110, 120, up to 400. 

'* The change from one Power to another may be 
made instantaneously, with the utmost facility and 
certainty, and the Observer always knows exactly 
what power he is using/' 

[The above is an extract from Dr. Kitchiner's 
Letter to Sir Joseph Banks, P.R.S., which was 
read at the meeting of the R.S. on the 20th of April, 

1820.] 

Another is made, which is adapted for Terres- 
trial purposes. Magnifying with an Achromatic of 
44 inches focus, from 65 to 200 times — and with a 
30 inch from 40 to 160. 

The pcytver it will give to a Telescope, is according 
to the focal length thereof, and is easily found by the 



field — but of what use is that part of the field in whidi objects 
appear distorted and firinged with Colour? 

That, can only be considered the actual and usefid field of view, 
the Margin of which, is as perfectly distinct as the middle of the 
field, when the Telescope is adjusted at an object seen in the 
middle of the field. 
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Rule of Three ; for instance — if the Telescope be of 
18 inches focus — 



If a Telescope ^^ 44 ^ 55 ^ what will one of 
Inches gives 3 \ . Inches ? 



440 
55 



44)990(22J the Magnifying 
88 Power with an 

18 Inch. 

110 
88 



22 

from 22 J times, up to 88 — being as low a power as 
is requisite for Land Objects — ^and as high as is re- 
quisite to shew the Ring of Saturn, — the Belts and 
Satellites of Jupiter and several Double Stars. 

If the Pancratic be applied to a Telescope with 
sliding tubes, it is desirable, on account of the great 
power it produces, that it should have a Stand and 
an Adjusting Screw with a tooth and pinion ; these 
are made separate from the Telescope, and intro- 
duced between the first and second sliding tubes — 
Mr. Price, of Fetter Lane, Fleet Street, made such 
acne for me. — See p. 197, and the foot of p. 33. 

The Advantage — of having All Powers in One 
Eye-tube is sufficiently obvious. 

In some Clear Days the Air is so transparent, that 
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Sir William Herschel saw it in his 7 feet New- 
tonian when its aperture was limited to SJ inches ; 
'' with 460 the vacancy between the Stars was J a 
diameter of the smallest." — See Phil. Trans, vol. xcv. 
p. 42. 

Well might Dr. Maskelyne say, that '' Telescopes 
of Sir Isaac Newton's construction perform most 
excellently in the Minutia of Astronomy, especially 
if small Apertures and long Foci are made use 
of.*' — -See Supplement to the Nautical Almanack for 
1787, p. 42. 

N.B. The Reader is cautioned, that my Pancratic 
Eye-tube, is composed of Three Inner, and an Outer 
Tube, and that when all drawn out, it is 14 inches 
and §ths in length ; — ^when shut up, not mcace than 
6 J inches ; — and that when drawn out, the magnify- 
ing power is Quadruple what it is when the tubes 
are shut up. 

As I have no Interest in the sale of this Eye-tube, 
I have considered myself at liberty to state my 
opinion freely upon it — ^it is made by Mr. DoUond, 
and sold at £2. 2^. — ^for £1. Is. more than the com- 
mon Eye-tubes. 

On the old Plan, Two Magnifying powers cost 
£2. 2s. : with the Pancratic, you have Three Hun- 
dred for £2. 25. 

Noifie are Genuine but those precisely answering 
the above description, and which exactly resemble 
the engraving opposite page 130, and have the fol- 
lowing inscription engraven on the Outer Tube : — 
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" The Panchatic Eye-tube : Invented by Wm. 

KiTCHINEB, M.D." 

This remark is necessary, because certain persons 
have found it convenient to construct Counterfeits^ 
made with only One Tube — which have not half 
the variety of powers the Pancratic has,^ and conse- 
quently, magnify not Half so low — ^nor Half so high 
as they ought. 

* To construct this £ye-tube perfectly, requires All care and 
excellent workmanship— the Lenses must be AU of exactly the 
li jht focus.JUl without any blemish — ^and the Glasses and the 
Tubes containing them must be very truly centred with regard to 
each other, and to the Object-Glass. 



CHAPTER XIV. 

MAGNIFYING POWERS FOR ASTROI^OMY* 

You should not haVe lesd than Nine Eye-^tub^ 
for Celestial purposes, or your Economy will b^ as 
unwise as that of the Cook who " spoilt the Broth 
foi" want of a Halfpennyworth of Salt'*— each Eye 
must have the Telescope adjusted to its own peculiar 
focus, — Each Olyect must have its own peculiw 
magnifying power. 

These Eye-tubes cost about £1. Is. each. 
15 for Comets. 

46 for the Sun, or Moon, Nebula, &c. 
60 for Ditto. 
80 for Jupiter and his M/)ons. 

130 for Jupiter and Saturn. 

160 for Ditto. 

200 for Ditto, and Double Stars. 

300 for Double Stars. 

400 for Ditto. 

For more particular directions for the application 
of these Eye-pieces, see p. 47 of Chapter IV. on 
a 3 J and a d feet Achromatic — and page 140 of 
Chapter VIII. on a 7 feet Newtonian — and the fol- 
lowing Chapter. 

When two or more Glasses are fixed into a tube. 
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at certain diBtances from each other, they are called 
An Eye-piece; and whether intended for erect or 
inverted vision, they are in fact compoond Micro- 
scopes, whereby the image of an object, formed in 
the focus of the Object-Glass, is seen and mag- 
nified. 

The Glasses must be perfectly well polish^i and 
as thin as possible for their curvature; which> to- 
gether with their distance from eaxdi other^ must be 
80 proportioned, that the visual angle^ or field of 
view of the Telescope, be as large as possible^ Mid 
aniformly distinct to tind very edge of it : and it i^ 
absolutely necessary in the setting of them, that the 
centre of the Glasses be placed exactly ih the axis 
of the Tube, and the surface of them fitted into the 
cells exactly parallel to each other«^ 

The Astronomical Eye*pieces for Achromatic and 
Newtonian Telescopes, are usually of the Huygenian 
construction, and are composed of two plano-coirvex 
Glasses, whose plane sides are next to the Ey^, and 
whose foci are as 1 to 3. If a plano-convex lens of 
one inch focus, be placed at two inches distance from 
^e of three inches focus, their magnifying powef 
will be equal to a single lens of one inch and a half 
focus : — the lens next to the Eye is called the Eye^ 
glau; that next to the Object h termed the Fields 
glass. 

The spherical and colorific aberrations are said to 
be better corrected by this combination ; and it has 
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a larger and more uniformly distinct field of view 
than any other Eye-tube composed of two Glasses. — 
See the end of Chapter V, on Single Concaves and 
Convexes, 

If the two Lenses which compose an Huygenian 
Eye-piece, are of proper proportions — if you take 
away the 1st glass next to the Eye — ^the 2d glass 
alone will magnify only about half as much as the 
Two do wheti used together : — if you take away the 
2d glass, and use the Glass next to the Eye by 
itself, it will magnify about ^d more than the two 
lenses do when used together — thus supposing tliem 
together to magnify 100 times — ^the 2d glass used 
alone wiU magnify 60 — and the 1st glass used 
alone wiU magnify 160: — thus in each Huygenian 
Eye-tube, you have in fact three Magnifying 
Powers. — See the account of the Eye-pieces to the 
bfeet Achromatic^ in p. 47 of Chapter IV. 

1st* I recommend that each Eye-tube be attached 
to a lengthening piece, which, when fixed to the 
Telescope, will, when it is adjusted to one power, be 
very nearly adjusted to all — ^this will be found a 
great convenience, especially in applying extremely 
High and extremely Low powers, and save a great 
deal of work to the observer, and a great deal of 
wear to the Adjusting screw. 

2d. It is much more convenient to have Eye- 
pieces made to slide into the Tube> than to screw 



MAGNIFYING POWERS FOR ASTRONOMY. 213 

in — ^they are more readily changed, especially in cold 
daric nights when our fingers are benumbed with 
cold. 

3d. The Caps of Eye-pieces, instead of screwing 
on, should slip on like the covers of Object- 
Glasses, and the Dark Glass of the Comet ^d 
Moon Eye-tube, should be of a very light Green 
colour — which will be found extremely useful in ob- 
serving the planet Venus. 

4th. The Second, or Field glass, requires a cap 
quite as much as the First or Eye-glass does — 
indeed the 2d is generally much more exposed than 
the 1st glass is — ^both ought to be shielded from 
dust and air, and kept as dean as possible — ^for as 
often as they are wiped, they are in danger of being 
scratched, &c. 

5th. The Cells containing the Eye-glasses should 
be so contrived, that the glasses may be perfectly 
comeatable to be cleaned, especially the high powers, 
which I have seen set in such a deep cell, that it 
was impossible to wipe them properly — ^but the Rim 
of the cell of Eye-Glasses and of Object-Glasses 
should project so far beyond them, that they may 
be laid down without their surfaces touching any 
thing. 

6th. The Eaft^glasses should be so carefully pro- 
portioned to each other, and so placed that the Eye 
may view the whole of the field at once, without the 
Eye touching the Tube or moving before it. *' The 
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hole through which the Optic Pencil passes in 
coming to the Eye should be much larger than l^e 
diameter of the pencil, and considerably nearer the 
Glass than their focus ; for the Eye ought on no 
account to come in contact with the Eye-Apiece— nor 
should it be touched by the hand." — Sir William 
Hebschel, in Phil, Trans, vol. ct. p. 295. 

Read the Obs. on the Eye-head of Eye-pieces, in 
p. 198 of the Chapter on the MagnifyingPower of 
Day Telescopes, 

7th,, The Magnifying power given by Ramsden'^ 
Dynameter should be engraved on each Eye-tube. 

Lastly. Have all your Eye-tubes packed in a 
box, which may be packed itself in the case in 
which the Telescope, &c. is packed : — the usual 
way of packing them in the same box with the 
Telescope is extremely inconv^ent — that case is 
a great cumbersome thing, which is generally put 
out of the way ; and the Eye-tubes are left about 
exposed to dust, 8cc. If they are put into a small box, 
as recommended above, they can always stand by 
the Telescope, ready for aetion, and be securely de- 
fended from dust, &c. 

When the Inventors of the Achromatic Telescopes 
fixed tjie Magnifying powers of those Instruments, 
it is presumed that they did not do so till after due 
deliberation, and a conviction resulting from actual 
experiment, that fpr Planetary uses, the highest 
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^portioa of ^e diametor of the Ohj^pt-iGhMift to 
the Pencil of Raya, was a« 1 to 40, Thu3 the 
30 inch Achromatic, which h^ an apertwe of 
2 inches, magnifies 80 times ; ai^ the 6 (^t Achro- 
matic, which has an aperture of nearly 4 incbef^* 
geaerally shews Saturn best, with a pQw^ of about 
160, (s^e Cfa^ter on Saturn,) to bear a higher 
power ; the air must be very clear, a^d the plsAet 
Tery near to the Meridian ; and the defining power 
of the Telescope exquisitely perfect. 

When the Pencil of Rays is too diluted to per- 
fectly excite the action of the Eye, we lose in dis- 
tinctness by the Magnifying power being in too hig^ 
a ratio to the Illuminating power. '^ Aj) object 
appears brighter, or fainter, according to the Mag- 
nifying power — for the same quantity of light being 
spread over a greater or smaller surface, renders the 
image obscurer or brighter." 

As Sound, when diminished beyond a certain 
degree, becomes too faint to excite a sufficient 
vibration of the tympanum, to convey toues dis-*" 
tinctly, and at length they become inaudible; in 
like manner, when the pencil of Light is less, in 
diameter than ^th of an inch, unless it be from a 
star of intense brightness, its stimiUv^ to thQ Optic 
nerve becomes too languid to excite its perfect 
action. 

We must always take into, oiuf 9ccpuQt> not only 
the Bigness biit the Brightness of the pencil of rayis, 
which is as th^ Brightness, a^d the^ d^ee of ik^ 
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Illumination of the Object ; and the construction of^ 
and the defining power of the Telescope. — (See 
Chapter XVII. on Illuminating Power.) 

From the rapidity of the Rotatory motion of the 
Earth — the limited Excitability of the Eye — and the 
irremediable Impediments to vision from our mag- 
nifying the Atmospheric medium which we look 
through, in proportion as we magnify the objects 
which we look at, increasing in so high a ratio to 
the Magnifying power : — 

More than 100 for Terrestrial, 

More than double that, or 200 for Planets, 
and more than double that, or 400 for Double Stars ; 
nine days and nights out often impedes, rather than 
assists Vision. 

When we charge our Telescopes with a higher 
power than 400, even with the steadiest Stand, and 
the best contrived Rackwork, &c., very uncommon 
dexterity is required both to find the object, and to 
manage the Instrument — and a higher Magnifier 
will very rarely be used to any advantage — till 
the Atmosphere be removed, and the Earth stands 
stilL 

I must here except some half a dozen minute 
Double Stars — ^which nobody can wish to see for 
any other reason, than merely because it is difficult 
to see them : — those Double Stars are the best 
adapted for every useful purpose, which are easily 
visible, and are distinctly defined with instruments of 
moderate size. — Gentle Reader, I earnestly invoke 
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your Common sense, to maintain your Author in this 
position, in defiance of all the wrathful anatheipas. 
which you may have whispered to you by those, 
cr^bed Philo^phers, who love to make people think 
that nothing is desirable but what is difficult ; and 
that to be incomprehensible is the true sublime. 

Beyond a certain boundary. Illuminating Power 
is as useless as Magnifying Power ; and both are 
totally inefficient without a due proportion of De- 
fining Power; and the failure of the latter in Achro- 
matic Telescopes beyond 3^ths in diameter, and in 
Reflectors beyond 7 indies, is the cause why those 
who purchase larger Telescopes are generally disap- 
pointed^ in the advantage which they expect from 
the increased aperture. 

A certain quantity of light is needful, more is in-, 
convenient; the degree of Light that is useful, is 
limited by the nature of our Eye-r-as the degree of 
Magnifying power is by the nature of the atmosphere; 
which, for observing Planets, will not bear more 
than 230, no matter how large the Telescope. — See 
Chapter XVII. 

Mr. Tulle Y informed me, that with the Cdsse- 
granian Reflector, which he finished in the year 
1802, and which had an Aperture of 16 inches — 
that Planets were best seen with a power of 200, or 
250 at the utmost ; he shewed Saturn to me, with 
those Powers, beyopd which it was not so well de- 
fined : — I have not, and Mr. TuUey, and several Prap- 

L 
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tical Opticians, have informed me, that they have not 
seen any Telescope that would, with any advantage, 
bear a higher power for obsemng Planets ; and the 
duperiority of Reflectors beyond 7 inches in diameter, 
is not so great as might be expected, only that they 
shew a greater number of small Stars ; but as the 
Poet says — 

'^ Stars above a certain height, 

Give mortals neither heat nor light.^ 

See Sir W. H/s Obs. on his 20 feet Reflector, 
which had an Aperture of 18 J inches, in Index. 
The Telescope must be furnished with 

A FINDER, 

which is a very Small Telescope that is fixed on the 
Large one, and magnifies only about 5 or 7 times ; 
and having a very extensive field, an object is easily 
found with it :— at the focus of the Eye-tube of this 
Finder there are placed two Wires, which cross each 
other in the axis of the Telescope, — ^which Wires are 
often too fine — they should be thick enough to be 
easily seen at night: — this Finder is so adjusted, 
that when any object seen in it, is at the crossing of 
the lines, it is at the same time in the centre of the 
Large Telescope. 

By the assistance of the Finder much time is 
saved in finding objects, especially when great 
powers are used ; and it saves the Eye a great deal 
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of very irksome labour, which ia extremely dia- 
tressing and injurious to it. 

SIR WM. HERSCHEL's FINDER. 

*' The finder (rf my Reflector is' limited, by a proper 
diaphragm, to a natural field of 2^ of a great circle 
in diameter. The intersection of the cross wires in 
the centre of it, points out 1® ; and by the Eye this 
degree, or the distance from the centre to the circum- 
ference, may be divided into J, J, |, J, and |ds. — 
See Sir W. H.'s 2d Catalogue of Double Stars, in 
the Phil Trans, for 1786. 

My favourite Finder is a 1 foot Achromatic, with 
an Eye-tube composed of two Glasses, which mag- 
nify about 6 times, — it is easily and accurately ad- 
justable by two finger screws acting against a spring ; 
and was made for me by Mr. Dollond. 

The Under for u Gregorian Reflector — must be a 
1 foot Achromatic, with an erect Eye-tube magnify- 
ing 10 times — this will be useful for Terrestrial as 
well as for Celestial purposes — a^ the vision is erect 
in the Telescope, it ought to be so in the Finder. 

If the Finder is not exactly centred to the Tele- 
scope — as soon as you find the object with the 
Telescope, look in what part of the field of the Finder 
it is. 

Persons unaccustomed to point a Telescope at a 
Celestial object, with a higher power than 60, will 
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be puzzled how to direct it ; and in trying to do so, 
and staring in vain at vacant space, wiU sadly strain 
their sight. 

To all Telescopes magnifying more, a finder is 
an indispensable assistant to the most ei^pert ob- 
server — so is an adjusting screw to regulate the, 
focus. 

No Sliding Telescopes should be more than 3Q 
Inches in length: if they are, the portable stands 
are not steady enough for Astronomical pi^iposes — ; 
and also the Finder and Adjusting Screw are 
wanted. — See p. 33. 

Lastly. It is very important that the Cross 
wires be placed at such a distance from the Eye- 
piece of the Finder — that when that is adjusted for 
shewing Jupiter, 8cc. sharply defined, that the 
wires in the Finder may be sharply defined also. 
The place of the wires, therefore, must be adapted 
to the peculiar focus of the Eye of the person 
who is to observe with them, the adjustment re- 
quired for a long old Eye, is useless to a young one, 
especially to one that is at all short-sighted. 

A Power of 20 or 30, with cross wires in it, is a 
good substitute for a fixed Finder. 

To point a Telescope at an object, do not lay hold 
of the Eye-piece, or Tail-piece, but of the main 
Tube of the Telescope. 

The Telescope should b^^ suspended in the centre 
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of gravity, — and mounted on a portable folding 
mahogany stand, with divided circles, and a uni- 
versal Polar adjustment. 

If the instrument be then placed in the plane of 
the Equator, one motion only will be required to 
follow the object ; which, when great Magnifier^ are 
used, is a very great advantage, as the tremours 
occasioned by the movements of the Rackwork are 
diminished in like proportion. 

The Stand must be high enough to admit of the 
observer being comfortably seated under the Eye- 
tube, when the Telescope is elevated to 75 degrees : 
this in a 6 feet Achromatic will be about 3 inches 
higher than the person can put his Eye to, when 
the instrument is placed in an horizontal position. 

THE COMET EYE-PIECE 

should be constructed with a very large and uni- 
formly distinct field, and should not magnify more 
than 12 or 15 times. 

The glasses in this Eye^tube should not be less 
than Two Inches in diameter — ^indeed, it would be 
extremely desirable if the Aperture at the Eye-end 
of Astronomical Telescopes was lai*ge enough to re- 
ceive the Eye-tube usually put to the large Inverting 
Night-glasses. 

During the appearance of the Comet, in August 
1811, a Vulgar Error prevailed, that a common 
Opera-glass would afford the eye more assistance 
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than a Telescope. — This must haye aiiaen from 
Telescopes not being usually furnished with a suf- 
ficient variety of Eye-pieces ; — ^for, although Comets 
are commonly enveloped in a veil of dense atmo- 
sphere, which partly prev^rts the operations of 
Mugnifying power, — the Illuminating power of a 
large glass may be employed with great advantage : 
and with a proper Comet Eye*piece, the larger the 
Telescope, the more distinctly we shall discern the 
Nucleus and its appendages. 

I have an Eye-piece of this kind, that exhibited 
the Comet of September 1811, very satisfactorily, 
the field of view being sufficiently large to shew the 
Comet, and its paraphernalia of light which aecbiiX'- 
panied it: and as it is a delightful Eye-piec^ for 
viewing Nebula and the Milky Way, &c. it will be 
found a very useful addition to the apparatus of the 
Telescope, and will serve for all the purposes of a 
Night-glass. 

In the Phil. Trans, for 1787, a^d pfige .66 of 
vol. Ixxvii. that honest and accurate Practical 
Astronomer, to whom we are indebted for so many 
imp<»rtant observations and improvements in instru? 
ments, the Rev. F. Wollaston, recommends,. for 
observing comets, " a Telescope with an Achro- 
matic Object-glass of Dollond, of 16 inches ft)cal 
length, and 2 inches aperture; with a Ramsden's 
]Sye-glass, magnifying about 26 times, mounted on 
a very firm equatorial stand, the field of view taking 
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in 2 degrees of a great circle/' and furnished with a 
set of Mr. W/s system of wires, described in vol. Ixxv* 
of Phil, Trans, p. 346, he says, 

'* Upon the whole, I think I may with confidence 
reconunend such an instrument for sweeping the 
Heavens, and pretty well ascertaining the position 
c^ what one discovers ; and with it, I can observe 
stars down to what I call the tenth or eleventh mag- 
nitude, aoAd, I think, wit}i some degree of furecision/' 

FOR OBSERVING ECLIPSES OF THE SUN OR 

MOON, 

^ pow^r of about 30 times will be found most use- 
ful, a^ it will shew the whole of their face, and leave 
jdenty of piargin around them. 

Sbpuld any of our readers not be provided with a 
cqlpiu^ or Smoked Qlass at the time an eclipse 
takes place, they may observe the image of the sua 
m a bucket of water, placed in a situation wherc^ 
the surface is not agitated by the wind. But it will 
be much better to be provided vnth a proper glass 
fi[>rthis piurppse; and one of the best that can be 
used is so ei^iily prepared, and so effectual when 
properly done, that we shall insert the late Dr. 
M^skelyne's method of smoking glasses for this 
pui^)ose. He observes, " Dark glasses should be used 
to defend the eye from the intensity of the sun^s 
^ht. Transparent glasses, smc^ed over the flame 
of a candle or lamp, vnU give a more distinct and 
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agreeable vision of the disk of the sun, than any 
tinged or coloured glasses will do. Provide two 
pieces of glass of a convenient length, not too thick 
(the common crown glass used for windows will do 
as well as any), wipe them clean and dry, warm 
them a little by the fire (if the weather be cold), to 
prevent their cracking when applied to the flame of 
the candle ; then draw one of them gently, according 
to its whole length, through the flame, and paxt of 
the smoke will adhere to the glass. Repeat the 
same operation, only leaving a little part at the end 
untouched, and so each time leave a further part of 
the same end untouched, till at last you have tinged 
the glass with several dyes, increasing gradually in 
blackness from one end of the glass to the other. 
Smoke the other glass in like mcmner j and apply* 
the two glasses one against the other, onij septurated 
hy u rectangular border, cut of glas8> or card paper, 
the smoked faces being opposed to each other, and 
the deepest tinges of both placed together at the 
same end. Tie the glasses firmly together with 
waxen thread, and they are ready for use. The 
tinge at one end should be the slightest possible, 
and at the other end so dark- that you cannot see 
the candle through. By this contrivance, applied 
between your eye and the sun, you will have the 
advantage not only of seeing the sun's light white, 
According to its natural colour, aaid his image more 
distinct than through common dark glasses, but also 
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of being able to intercept more or less of his light 
as you please, and, as the clearness or thickness of 
tie air requites it, by bringing a darker or lighter 
piirt of this combined dark glass before your eye ; 
which will be a great convenience at all times, but 
particularly when the brightness of the sun is liable 
to sudden changes from flying clouds." 

Mr. WoLLASTON mentions, observing the Eclipse 
of the Moon, on Sept. 10, 1783—'' With my 46 Inch 
Achromatic, the aperture reduced to 2 inches, with a 
small magnifying power <^ 36 times, which I had 
made by Mr. Dollond, for those observations, and I 
found very convenient." — See Phil. Trans, for 1784, 
vol. Ixkiv. p. 194. 

The Grand Dandy Opera-Glass which magnifies 
Twice, is an excellent Instrument to assist: the 
Sight of Shortsighted persons, who will find it 
a convenient assistant to find a Planet early in the 
'evening, and to give them a General View of the 
Constellations, — and it also deserves to be recom- 
mended as an excellent Finder to such as are fond 
of turning out on a fine frosty night to sweep the 
sky for a Comet. — Dr. Maskelyne, who was 
sho^sighted, had for this purpose a Binocular 
Opera-Glass, i. e. two Opera-Glasses, magnifying 
about twice, fixed in the opening of a Spectacle 
frame, which hd placed before his Eyes, like as you 
put on Spectacles. I remember seeing a pair 
of such Spectacles in th6 • Observatories,- erf Mr. 

l2 
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Larkins^ on Blaekheath Point; of Mr. Aubebt, 
at Highbury; and of Mr. Hodgson, at Hoddesdi^it 
A large night-glass will be found a very useful 
Instrument in tli0 observatory, for obtaining a mem 
intimate acquaintance with the Constellatiops^ and 
for doing the business of a Sweeper. By tiding n 
Prism Eye-piece, it may be slung in as co^veni^t a 
manner as a Newtonian reflector, and the Eye of the 
observer remain at rest while the Tdescope moves 
from the Horizon to the Zenith : it is also well 
adapted for observing Comets. 

FOR OBSERVING THE FULL MOON, 

the lowest Day-piece will do very well, if it does 
not magnify more than 45 times ; and if it is pro* 
perly constructed, it will shew the whole of the Moon 
with a margin round it. 

But I would advise an Hnygenian Eye^tube of 46, 
as it is short and convenient, and serves for other 
purposes — ^the Sun — Nebula — the Milky Way, 8^, 

A long and large Achromatic or a Newtonian, 
is the best instrument for viewing the whole of 
the Moon — Gregorian Telescopes have seldom a 
eujBSk^iently low power, and large field for this 
puipose. 

For examining particular parts of the Jtfaoii-*-tbe 
advantage of light or Illuminating power appears to 
be as great, if not greater than it is. upon any other 
objf^t : — I first observed tibiis/ when comparing my 
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3 feet Gregorian, which has anjaperture of 9i?^ths 
inphes, with my 7 feet Herschel Newtonian, which 
has &]^^fth& inches aperture. Many parts of the 
Moon became plainly visible, with the Speculum of 
d^^s inches — which were not visible in that of 
6-]^^th6i — and were not visible in the ft^iyths when 
^i^tracted to 6 inches. — : The magnifying power 
employed was only 90 times, and the same in ea^h 

Telescope. 

Jupiter, the same evening, appeared in this Gre- 
gorian <}uite as bright with 180 as it did with 90. 

FOR OBSERVING PLANETS, 

in the list of Magnifying Powers, I have set down 
80, 130, 160, 200. 

There is a Vulgar Error almost universally pre- 
valent, that Saturn (see Chapter on Saturn) will 
bear a higher magnifying power than Jy fixer v 
notwithstanding Jove's complexion is much brighter 
than Saturn's. My own experience has told me, 
what common sense will teach any thinking mind, 
that Jupiter will bear a high power better than 
Saturn, in proportion as he shines with more vivid 
light*, 

* Though many Optical writers have offered many observations 
on the requisite Diameter, &c. of the pencil of Rays, none seem 
to have considered the Quality of them. 

A pencil of Bays, of intrinsic Light, of the 60th of an inch 
diameter, proceeding froiH an intensely bright object, t. e. a fixed 
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The reason why this Vulgar Error is so universal, 
I fancy, must be because Jupiter is so bright an 
object, especially when near to the Meridian, tiiat 
only a very perfect glass will shew it well. 
' This is a fact which I have myself ascertained : it 
always appeared an unaccountable paradox to me, 
that an obscure object would bear a greater power 
than a bright one ; which was the positive assertion 
of almost all the Opticians and Astronomers, &c. I 
have conversed with on the subject. 

I recommend my Reader to be exceedingly cautious 
in crediting any assertions which are contrary to 
Common Sense, which I consult in Occult questions, 
as well as in Ordinary ones; and, since miracles 
are no more, and Oracles (excepting, I hope you 
will say, courteous Reader, " The Cook's 
Oracle,") are obsolete, is the. standard, by which 
all marvellous and unaccountable stories should 
be scrupulously measured, before Rational beings 
suffer themselves to be so paralysed by Indolence 
as to let them pass current for facts. 

The Phenomena on the Face of Jupiter may be 

Star, will stimulate the Optic nerve as much as a pencil of reflected 
Light of the 20th of an inch diameter, — i. e. from Jupiter or 
Saturn, as those Planets require from an Achromatic Telescope a 
pencil of Rays which is not less than a 30th of an inch in dia- 
meter — so a fixed Star hardly begihs to shew a decidedly defined 
disk, like a Planet, till the pencil is less than the 60th of an inch 
in diameter. — See Chapter XX. on Double Stars* — ^W. K. 
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seen veiy pleasantly with powers of from 130 to 
260, but those of Saturn only just begin to be visible 
with 130 — and to see them perfectly well you must 
have a magnifying power of about 200 times, and 
an Object-Glass of 4, or a Speculum of 7 Inches in 
diameter. 

All Telescopes should have an Astronomical Eye- 
tube magnifying 80 times, because it has a field of 
view large enough to shew Jupiter with all his 
Moons, and a margin of sky round them ; and it 
is, therefore, a convenient power to shew them with 
to others. 

One of the laws which governs tiie application of 
Magnifying • Power, is that it may be applied in 
proportion to the brightness of the object that we 
are observing — ^to some of the Fixed Stars of the 
first magnitude there appears to be no limit to it, 
except the Atmosphere. — See Obs. on a Lyra, in 
pj^e 236. 

FOR OBSERVING STARS, 

I have recommended an Huygenian Eye-tube, 
magnifying 400 times, as the greatest power that is 
usually needful, as it is difficult to find the object 
with this High power, and it passes through the 
field very rapidly, I would not have it limited by 
a stop, which is very properly introduced to cut off 
the aberration in Low powers, for the indistinct 
margin is useful in catching and keeping an Object. — 
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See page 200 on the Pancratic, which mi^gnifiei^ 
fVom 100 to 400; and, if required, with, the sajae 
ease and expense, may be made to magnify fr<;»& 
200 to 800. 

A Circle of Six Convex Lenses, set in a Wheel, 
is a convenient Eye-piece for ascertaining the efiect 
of different degrees of Magnifying power ; but they 
must be very carefully centred, — the importance 
of exact centering increases in the proportion that 
their magnifying power increases : — they must also 
be set so that each is easily comeatable to be cleaned, 
a Camel's-hair brush is, perhaps, the best thing to 
remove dust from them ; — they should be de- 
fended from dust and air as much as possible, and 
therefore are best kept in a close box. 

As often as a Glass is wiped, however carefully it 
is done with the smoothest and cleanest LambV 
skin leather, still it is as often in danger of being 
scratched. 

A Wheel of Two inches in diameter, will contain 
6 Lenses and a blank to fill the Aperture, so that the 
Glasses may always be kept covered : it will be con- 
venient that the 1st Lens be a very low power, that 
it may serve as a Finder for the others, and the Wheel 
shpuld be made to turn both ways. 

A Convex Lens of One Inch focus vrHl m^e an 
Achromatic or a Newttmian Telescope magnify as 
many times as its Object-Glass or Object-Spequlum 
is. of inches in focal length : i. e. it will make a 
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30 Inch Achromatic, with an Eye-glass of 1 inch 
focus, magnify 30 times. 

The 2d Lens m%y be of half an Inch focus — and 
the Magnifying power given by that is ascertained 
by multiplying the focal l^[igth of the Telescope 
by 2 — i. e. a Convex Lens of half an inch focus 
will give an Achromatic or Newtcmian Telescope 
of 30 inches focus, a Ma^fying power of 60 
times.. 

I would recommend the 3d Lens to be of the |d 
of an inch f^us. 

The 4th of the ^th of ditto. 

The 5th of the ^th of ditto. 

The 6th of the ^th of ditto. 
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Hie foregoing Table' clearly demonstrates one of 
the causes of the diminution of the aberrsttion in 
Long Telescopes — to obtain a power of 300, in a 
Telescope of. 30 inches focus, requires a lens of only 
-rVth of an inch focus— in a Telescope of 84 inches 
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focus, a power of 336 is obtained with a lens of {th 
of an inch focus. 

A Lens of -j^th of an' inch focus is as deep as can 
be applied to any Telescope with any advantage — 
however perfect the Instrument, and however bright 
the object. 

No Achromatic or Newtonian Telescope will bear 
distinctly a higher power than that given by multi- 
plying the focal length in inches of its Object-Glass 
or metal by 10 — for instance, if you use a lens the 
■^th of an inch focus to a 3} feet Achromatic Tele- 
scope of 2-^ths inches aperture, and 44 inches 
focus, you will find in the brightest day that the 
object will appear as if there was a thin veil of Black 
Crape placed between it and the Telescope, or as if 
a fine Cobweb was before it j and if turned to Ce- 
lestial objects, the Belts of Jupiter are hardly dis- 
cernible, and Stars appear in a kind of halo, and 
the Defining power of the Instrument is quite de- 
stroyed. — See the Introductory Chapter on Double 
Stars. 

" Those who are least experienced are most de- 
sirous of deep Magnifiers, and extremely inquisitive 
about lenses of the shortest focal distances; and they 
suppose it may be known when they are ^V^h, ^^^h, 
^th, Tiyth, or ^^^th of an inch, as well as when they 
have .focal distances of 1, 2, 3, 4, or 5 inches ; but 
herein they are strangely mistaken, for it would 
puzzle a Newton himself, to determine precisely 
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what is the Solar focal Distance of one of those veiy 
small Lenses. Nor would it boot any of these over- 
curious Geniuses^ to be informed what the focal 
Distance of a very small Lens or Spherule really is ; 
for they could not from thence conclude any thing in 
regard to the Magnifying Power, or Dimension of 
small Objects, as they seem to expect. Nor can it 
answer any other Purpose than pure Curiosity, that 
I know of." — Ben Martin on Micrometers^ 8vo» 
p. 3. — See more on this subject in Chapter XVL 



CHAPTER XV. 



DIAGONAL EYE-TUBES. 



When we wish to discern those delicate and miuute 
objects, which are the most interesting exhibitions 
our Telescopes display to us> and with the finest 
Instruments are only discernible with the most 
favourable circumstances, — we must be in a position 
of the greatest ease : no cramp or painful posture 
must distort the Body, or irritate the Mind ; — ^the 
whole powers of which must be concentrated in the 
Eye. 

Such is the sympathy between the various Organs 
of the human body, that we may as well attempt 
to think accurately on two Subjects at the same 
time, as to use two Senses at the same moment : — 
each must be used alone, if we wish to give it a fair 
chance of doing its utmost. — As Shakspeare had ob- 
served of Listening with such profound attention, 
that ^' each other Sense was lost in that of Hearing." 

To avoid the painful position when observing Ce- 
lestial objects when they are near the Zenith, I have 
tried 8 different kinds of Diagonal Eye-tubes. Se- 
veral of them are so constructed that they will apply 
to, or will receive all the Eye-pieces, and render an 
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Achromatic Refracting Telescope, or a Gregorian as 
convenient as a Newtonian Reflector. 

The diminution of %htb7 the Diagonal is seaicely 
perceptible when observing the Moon or the fixed 
stars — such is the intense intrinsic brightness of the 
Fixed Stars, that the inferior degree of vividness of 
the pencil of rays is, I may say, imperceptible. 

'^ a TyrtR, I surmise, has Light enough to bear 
being magnified at least a hundred thousand times, 
with no more than 6 inches of aperture, provided we 
could have such a power, and othei* considerations 
would allow us to apply it.^-r-See Sir Wm. Her- 
schel's First Catalogue of Double Stars, in the PAtV. 
Triim. for 1782. 

The position is not only pleasanter, but the organ 
of sight is more perfect, when we look comfortably 
^straight forwards — than it is when the head is 
bent back in the break-neck position required in 
observing objects in a high Altitude without such 
assistance. 

It may be urged, that a Prism would bend tip the 
rays with less loss of brightness than a Speculum 
can reflect them — but in the latter you have only 
One surface to get worked truly, and it is no easy 
thing to obtain that quite good* — in the former 

♦ " I find more difficulty in correcting the figure of the little 
piain piece of metal next the Eye-glass than one would expect/' — 
See Sir Isaac Newton's Letter in the PhiL Trans, for 1672, 
yd. vii. p. 4032 ; and Sir William Herscbel's Obs. in Oct. 19, 



236 DIAGONAL EYE-TTJBES. 

TAree, and the imperfections of the Glass to contend 
with into the bargain :— the facilities of construction 
are thus at least three to one in favour of Speciila : but 
if tlie Bull's Eye Prism be perfectly good, that is in- 
comparably the best Diagonal Eye-piece — that it 
can be made good, I know, because I have one which 
is as sharp, though not so bright, as a Single Lens. 

1st. A Plane Speculum placed at an angle of 45 
degrees between the Object-glass and the Eye-glasses. 

2d. A Plane Speculum, fixed at the like angle, is 
placed next to the Eye, before the Eye-tube. 

3d. A Plane Speculum is placed between the Eye- 
glass next to the Eye, and that next to the object. 

4th. A Prism is placed between the Eye-glasses 
and the Object-glass. 

5th. A Prism is placed between the Eye and the 
Eye-glasses. 

6th. A Plane Prism is placed between the Eye- 
glass next to the Eye, and that next to the object. 

7th. Another Eye-tube is composed of an JEye-glass 
and a Prism with one surface, ground to a certain 
degree of convexity, which acts as a Prism, and as 
one of the Eye-glasses also. 

. 8th. The Bull's Eye Eye-tube, which is composed 
of a Hemisphere, and acts as a convex lens with a 



1782, in p. 44 of the Phil. Trans, for 1795. — Messrs. Watsow 
and TuLLEY have assured me that no figure is more difficult to 
make than a perfect Plane. 
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prism ; — this is more simple in its construction, is 
more perfect and lighter than any other prism Eye- 
piece — ^but even this is darker than an Huygenian 
eye-piece of the same magnifying Power. 

From various trials of Prisms and Specula, I am 
convinced that it will be much easier to obtain a 
good Speculum than a good Prism — though either 
are extremely difficult to get perfect — ^and however 
perfect they may be^ the diagonal vision is never so 
Kght, and seldom so distinct as the direct vision is — 
I say this, after a patient trial on the Planet Saturn, 
which suffered much more from the intervention of a 
Prism or Speculum than it did from using the Huy- 
genian instead of a Single Lens Eye-piece : that is, 
the complexion of the Planet was diminished in 
brightness, and changed to a yellowish or greenish 
hue, and its features consequently became less 
striking on the Eye, and the Belts and Division in 
the Ring less marked; — the Observations I have 
quoted from Dr. Herschel respecting Single and 
Double Eye-pieces, apply very aptly to Diagonal and 
Direct Vision. — See Chapter V. 

If a Diagonal Eye-tube, (No, 1.) made with a Spe- 
culum, is applied to an Achromatic Telescope of 5 feet 
focus, when an Huygenian Eye-tube magnifying 160 
times is applied to it, the tube must be 2^ inches 
shorter than is required with the same power with 
direct vision. 



CHAPTER XVI. 

MAGNIFYING POWER, AND HOW TO MEASUBE IT. 

An easy way of judging of the relative magnifying 
powers of various Eye-tubes and Lenses— is to hold 
them up about 12 or 18 Inches from the Eye, and 3 
or 4 Feet from a window — that in which the panes 
of glass appear least magnifies most / — or place two 
Candles nearly together— and hold the lenses about 
a foot from them, that in which the Candles appear 
nearest together magnifies most. 

TO ASCERTAIN THE MAGNIFYING POWER OF A 

TELESCOPE, 

measure the diameter of the aperture of the Object- 
glass, or Speculum, and that of the little image 
of it which is formed at the end of the Eye-piece, 
the number of times the latter is less than the former 
is the Magnifying power. 

To measure the diameter of the pencil of rays with 
great ease and accuracy, Mr. Ramsden*, about the 

• 

* The highest praise is due to the merits of the late Mr, Jesse 
Ramsden, for his ingenuity, liberality, and persevering endeatvoiun 
to invent and perfect the various instruments used in Astronomy, 
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year 1775, contrived a clever little instrument which 
he called a Dynameter : for though when single lenses 

Philosophy, aod Mathematics ; to produce which, he devoted all 
his time, and almost all the profits of his very extensive trade : in 
carrying on which, his anxiety was not (like the Razor-ms^er, who 
merely made his goods to sell,) to study and contrive how cheap 
he could make an instrument, and how dear he could sell it; his 
sole care was to make it as perfect as possible; he spared neither 
pains npr expense in forming an instrument, or bringing it to per- 
fection ; and his insatiable thirst for perfection, almost mvariably, 
produced ultimate success. Without the least ostentation, pride, 
or reserve in his manners, he v^as polite, easy, and fiuniliar to all 
that had business with him. 

I have been favoured with the following Anecdote firom such a 
source, that I can vouch for the authenticity of it. 

** It was his custom to retire in the evening to what he consi- 
<lered the most comfortable comer in the house, and take his seat 
close to the kitchen fire-side, in order to draw some plan for the 
forming a new instrument, or scheme for the improvement of one 
already made. There, with his drawing implements on the table 
before him, a cat sitting on one side, and a certain portion of 
bread, butter, and a small mug of porter placed on the other, 
while four or five apprentices commonly made up the circle, he 
amused himself with whistling the faivourite air, or sometimes sing- 
ing the old ballad of, 

' If she is not so true to me, 
' What care I to whom she be ? 
* What care I, what care I, to whom she be I' 

* 

and appeared, in this domestic group, contentedly happy. When 
^ occasionally sent for a workman, to give him necessary direc- 
tions concerning what he wished to have done, he first shewed the 
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are used, the power of a glass is readily discovered 
by dividing the focal length of the object-glass 
by that of the eye-glass, in eye-pieces (A the com- 
mon construction, especially those of a negative 
focus, it is very difBCult to measure in this manner; 
nor can it be done with any accuracy with those eye- 
pieces which are made for erect vision with four eye- 
glasses. 

The Dynameter is principally composed of a fine 
micrometer screw, and a divided plano-convex glass ; 
by means of which the image of the pencil of rays 
can be completely separated, and the diameter of it 
known to the greatest nicety. The wheel or head of 



recent finished plan, then explained the different parts of it, and 
generally concluded by saying, with the greatest good humour, 
* Now, see man, let us try to find feiult with it;' and thus, by put- 
ting two heads together, to scrutinize his own performance, some 
alteration was probably made for the better. And, whalera* 
expense an instrument had cost in forming, if it did not My 
answer the intended design, he would immediately say, after a 
little exainination of the work, * Bobs, man ! this won't do; we 
must have at it again :' and then the whole of that was put aside, 
and a new instrument begun. By means of such perseverance, 
he succeeded in bringing various mathematical, philosophical, and 
astronomical instruments to perfection. The large theodolite for 
terrestrial measurements, and the equal altitude instrument for 
astronomy, will always be monuments of his fertile, penetrating, 
arduous, superior genius ! There cannot be a lover (especially of 
this more difficult part) of philosophy, in any quarter of the globe, 
but must admire the abilities of Jesse Ramsden !" 
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the micrometer is divided into two hundred equal 
parts, and a figure engraven over every fifth division, 
which is cut rather longer than the others ; 1, 2, 3, 
and so on to 20 : but adding an to each figure, it 
will then read off; 10, 20, 30, and so on to 200, The 
Ntmius is divided into 15 towards 0, and engraved 5, 
10, 15 ; and 5 on the contrary side. Each division 
on the Nonius is equal to one revolution of the micro- 
meter head, and 10 revolutions will bring the edge 
at ike circle round it, and the tenth division on the 
Nonius to ccmicide. 

The revolutions of the micrometer head will bring 
the edge of the circle round it, . and the division on 
the Nonius, to coincide at 10 : each division, there^ 
fore, is equal to the ten thousandth part of an inch. 

Applying this little' instrument to the eye-glass of 
a telescope, when adjusted to distinct vision at any 
dbtant object, and turning the micrometer head^ th^ 
emergent pencil will begin to separate; and when 
the extreme edges are brought into contact, the 
number of divisions will shew the diameter of it in 
thousandths of an inch ; then reduce the diameter of 
the Object-glass into thousands, and divide that 
snm by the diameter of t^e pencil, the quotient will 
be the real magnifying power. But as it in requisite 
for the emergent pencil of rays to be in the focus of 
the divided glass, a thin transparent piece of ivory, 
precisely one-*tenth*'of an inch in diameter^ is set- in 
the sUding cover, to adjust for that didt^ce, which 

M 
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must always be done before it can be used with 
accuracy. 

When ibis transparent piece of ivbry is brou^t 
over the hole in the cover of the dynameter^ and 
appears perfectly round, the Nonius wiU then be at 0, 
and is properly adjusted. Five revolutions of the 
micrometer screw will ^ake a complete separation 
of the diameter of its aperture, which is oiie^:entli of 
an inch : and when the opposite sides are brou^t 
into contact, the Nonius will coiMide at tbe fiftli 
division of it, which is five two-hondredths of an 
inch; thus dividing each tenth of an inch into a 
thousand equal parts. Another mei^od of (Uscover- 
ing the m€tgnifying power, is to set the t^seope in 
such a position opposite the sun^ that the rays oi 
light may fall perpendicularly on the Object-^ass ; and 
tbe pencil of rays may be Teceived <m a piece of 
paper, and its diasneter measured : then> as the dia-* 
meter of the pencil of rays is to tiiat of the Object- 
glass, so is the magnif3ring power of the telescope. 
Or, thirdly, a thin piece of mother-of-pearl, with a 
very acute angle two inches long marked tb«[ieon» 
and only one-tenth of an ^ch at its base marked 
thereon; the length being divided into t^i equal 
divisions, making a visible line to each division, with 
a figure over it, these divisions wiir express or shew 
the hundredths of an inch: apply ^is scale to the 
eye-tube of the telescope, observe whfere the aaaer- 
gent peficil of Y^ys fills up a certain eqpace at or near ^ 
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any of the divisiong ; multiply the diameter of the 
Object-glass into hundredths on the scale^ iand the 
quoti^it will be the magnifying power. 

Neither of these methods will enable you to mea* 
sure Cottcm)es, but you may measure Concaves by 
e(»nparing them with Convexes, in the manner I have 
mentioned to ascertain the relative powers of Lenses. 
Before «my of these methods of finding the magni- 
fying power be made use of, remember to look 
trough the tube, and observe carefully if some of 
the Object-glass be not cut off, and part of the ori- 
ginal pencil intercepted by the Stops in the Tube, or 
Eye-pieces, &c., which frequeqtly curtail the light 
of the Object-glass as effectually as a cap over the 
end of it would. 

This is a very common trick, and will render your 
calculation on the whole aperture erroneous. 

To €iscertain whether any of the Object-glass is cut 
<jff'by the Stop in the Eye-tube — adjust the Telescope 
to distinct Vision — then take out the Eye-glass, put 
your finger on the edge of the outside of the Object- 
glass, and look down the tube — if you can see the 
tip of your finger just peeping over the edge of the 
Object-gl^ss none is cut off. 

In all cases, the Magnifying power of Telescopes, 

or Microscopes, is measured by the propcution of the 

diameter of the original pencil, to that of the pencil 

vhieh enters the Eye. 

The following Observations on Deep Lenses wece 
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given to me by a Gentieman well acquainted wit^ 
the subject. 

'' To determine the foci of very Small Lenses — 
Get a LenSy the focus of which you know to b6 ^th 
of an inch as nicely as it can be measured* — ^make a 
•microscopic object of the image formed by it of some 
distant object, generally a window, and make it the 
Object-glass of a Telescope, (for such it is in itis prin- 
ciple, though, instead of magnifying, it diminishes)-^ 
measure the size of the image with a micrometer, 
in the body of a compound microscope, and with 
which you can, without much difficulty, measure 
even the 36,000th part of an inch. Having once 
gained this point, it becomes an easy matter to 
determine the focus of any other lens, by <5om- 
paring the size of the image formed by it with that 
of the 10th of an inch, 

" Nothing is so common as to overrate the magni- 
fying power of small Lenses — the velry workmen who 
make them can seldom tell you this with accuracy; 
because they are obliged to make them shallow at 
first, and then to deepen them gradually out of one 
tool into another, till they have got them to the re- 
quired focus ; the tools themselves being perpetually 
,Uable to change their figure, indeed the very poUsh- 
ing will often destroy this altogether. 

* A lens of much longer focus might be used, but would not te 
so conreaient^ 
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^ The true magnifying power of a Telescope can 
only be obtained, by comparing the foci of the Ob- 
ject-glass and Eye-glass, and seeing how many 
times the one is contained in the other (which I ap- 
prehend to be the only method to be depended 
upon), consequently you never can know the magni- 
fying power of your Telescope, till you truly know 
the focus of your Eye-glass : if it is a negative one, 
the diameter will be of use in enabling you to com- 
pare the size of the image formed by it with that of a 
single lens of known focus, and so obtaining the true 
power, — a dynameter will also do the work of a mi- 
erometer ; indeed, it is nothing else, and used in the 
manner, and with the reservations described, that is, 
merely to determine t?ie foci of lenses, will enable us 
to come at the true power of an Instrument." 

« 

** A Plain and easy Method by which I could always 
discover the Powers of my Telescopes very readily, 
and with sufficient Accuracy. 

*' At the distance of One or Two Hundred Yards 
from the Telescope, put up a small Circle of Paper 
of any determined diameter, an inch, for instance, 
upon a card, or any piece of strong paper, through 
which the light cannot be easily transmitted ; draw 
two black parallel lines, whose distance from each 
other is exactly equal to the diameter of the small 
circle; adjust the Telescope to distinct vision, and 
through it view the aforesaid small circle with one 
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eye, and with the other eye, open also, view at l3ic 
saiiie time the two parallel lines. 

** Let the parallel lines be then moved nearer to, or 
further from your Eye, till you see them appear exactly 
to cover the small circle viewed in the Telescope; — 
measure now the distance of the small ciixsle, and 
also of the parallel lines, from your eye. Divide 
then the Distance of the former by that of the latter, 
and you will have the magnifying power of the Tele- 
scope required. 

" Two other methods to determine, by experiment, 
the power of any Telescope are given in Dr. Smith's 
Optics, in the Notes upon Art. 109 and 486.'' — Sec 
Appendix to the Nautical Almanack for 1787, p* 44. 



CHAPTER XVII. 



OPINIONS 

ON • 

ILLUMINATING POWER, 

AN|> OF THE COMPARATIVE POWERS OF REFLECT- 
ING AND ACHROMATIC TELESCOPESl. 

N.B, — The Author publishes the following Opimorts 
mth very humble diffidence ; — after all the care that 
he has taken to ascertain and write the Truth, he 
fears thai he has given but an imperfect sketch of 
it : although the strong persuasion which he has, Sheet 
he has, on some points, written the very Truth, has 
sometimes prompted him to express himself positively, . 

The Quality of a Telescope which should be first 
considered, is the degree of what Sir Wm. Heh- 
scHEL has termed its ** Penetrating Power," (see 
his Paper thereon at the end of this Chapter,) or 
what I call ** Illuminating Power;" but this is 
seldom considered at all, because Nobody has 
attempted to explain its operation fully and fairly in 
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plain terms — which, therefore, I shall endeavour to 
make perfectly and easily intelligible to Everybody. 

Opticians are often asked by their Customers, 
" How long is that Telescope ?" 

'* How much does this Telescope Magnify ?" — No 
Vulgar Error is more Common than the notion, that 
if a Small Telescope magnifies as much, that you 
may see as much and as well with it, as vrith a 
Larger otue — although such an idea is quite as 
absurd, as it would be to suppose that you can See 
as well with a little Farthing Rushlight, as with a 
Large Argand^s Lamp, 

Compare a Telescope of Three inches aperture, 
with a Telescope of Six inches aperture, while the 
Magnifying power does not exceed 60 in the Day- 
time, you may not perceive the effect of Illuminating 
power so evidently as you may expect— but use 100 
by Day, or 160 by Night, it will appear much mbre 
evidently than you wish, and you will find that such 
is the advantage of Illuminating power, that objects 
not. only appear brighter, and are more easily and 
more clearly visible, in the larger Telescope, but that 
with the same magnifying power, they appear larger 
also, — especially the Satellites of Jupiter and Saturn, 
and Small Stars. 

This I have repeatedly observed, but never so 
strikingly, as in observing with my 7 feet HerscheFs 
Newtonian, which has an aperture of 6-/|yths inches. 
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and with my 3 feet Watson Gregorian^ which has an 
aperture of d^ths inches, when I compared them at 
the Planets Jupiter and Saturn. 

The following Tickets I have seen tied to Per-' 
spectives in a Sale Shop : — 

A Seven Mile Sight, 3s. 6d. 

A Nine Mile Sight, 4s. 6d. 

Eleven Mile Sight, 5s. 9d. 

For a queer unanswerable question*, often asked, 
is, '* How far can I see with that Telescope? — 
can I see Two miles with it V — I remember hearing 
this put to a shrewd son of Galileo, who instantly 
replied, '* con strepito/' " Two Miles ! — Sir, you can 
see 240,000 miles with it !! — Sir, you can see the 
Mo<m with it ! ! r 

* " Indeed the Fate of an Optician is very hard, if he be one 
that pretends to know any thing of the Theory or Principles of 
Optics; for People think to answer such questions as these, 
What is the focus of the Lens? How many times does it magnify ? 
What Field of View does it takein ? &c. 

* Is to him not more difficile, 
Than to a Blackbird 'tis to whistle/ 

^ And because it would be appealing in a bad light, not to give 
the Querist some plausible Answer, telb him the Lens is about 
yh of an Inch focus — That the Instrument magnifies 200 times. — 
But whether his Responses are rigorously true, or not, he is secure 
from Detection, and he knows, that, with respect to such People, 
be can sufficiently satisfy them, with a 

" Crede quod habes, et habesJ' 

Ben. Martin on Micrometers, 8to, p. 3. 
m2 
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In estimating th« comparative powers of Telescopes, 
People have never been taught, that the perform- 
ance of these Instrumjents depends as much upon 
lUuminaiing Power, as upon Magnifying Power— it 
is therefore desirable to have a Scale for a guide, 
as to what is the needful proportion of Illuminating 
power to Magnifying power, for various Telescopes, 
and for the various Objects. 

'* Objects are viewed in their greatest perfection, 
wheia, in penetrating space, the Magnifying power is 
m low as only to be sufficient to shew the Object 
wMl— ^and when, in Magnifying Objects, by way <rf 
examining them minutely, the spaoe-penetrating 
power (e. e. the Illuminating power) is no higher 
than what will suffice for the purpo^.; for in tbe.nse oi 
either power, the injudicious overcharge of the other, 
will prove hurtful to perfect vision/' — Sir W. H. 
in Phil, Trans, vol. xc. p. 81. 

When Illuminating power is in too high a degree, 
the Eye is offended by the extreme brightness of 
the Object : — Sir W. H. informs us, in the Phil, 
Trans, for 17i94, that '' the strong light of the 20 
f(&et Tteflector (the aperture of which, I believe, was 
iS^ths inches), iii observing Saturn, was too gr^t 
a fatigue to the Eye, which cannot bear to look at a 
very luminous Object for a long time together, for 
which reason, to observe , Saturn, I chiefly used my 
7 feet Newtoni«in." 

When Illnminating power is in too low a degree. 
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the Eye is distressed by its endeavours to see what 
it cannot: therefore, it is extremely desirable, that 
when we wish to give the Eye all the assistance pos" 
sible, to have the Illuminating and the Magnifying 
powers in due proportion, because we see best when 
we see easiest: — what this proportion is, depends 
upon the brightness of the Object ; as that is lu- 
minous, the Magnifying power may be large. 

" a Lyra, I surmise, has Light enough to bear 
being magnified at least a Hundred Thousand times 
with no more than 6 inches of aperture," — See Sir 
Wm. H.'s Fir9t Catalogue of Doubk Stars, in the 
Phil. Trans, for 1782; and the Ob$. on a Lyra, in 
Chapter XX. 

Sir Wm. H/s observation applies very truly to it 
Lyra — but not to the faint star that accompanies 
it — which is an extraordinary and unaccountable 
exception to the general rule, that objects admit 
magnifying power in proportion to their brightness, 
for this extremely faint object is visible only with a 
very high magnifier.-^See my Ohs. on a Lyra in 
Chapter XX. 

However beautifully perfect a Telescope may be, 
and however sharp its Defining power may be, its 
perfonuance i^ limited by its Illuminating power, in 
like lu^nner as the light of the sharpest Eye requires 
a ceiTtain degree of Light, without which, the pro- 
prietor of it can see no more with bis Eye — than h^ 
c9iXi with his Nose. 
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It has been asserted, that the Light, or *' the Illn- 
miAating Power^' of Telescopes, is as the squares of 
the. diameters of the Apertures of the Instaruments : — ^ 
on this established dogma, I hare formed my Table 
of lUuminating power. 

As Opticians measure by Tenths of Inches, I have 
reduced the diameters of the various Telescopes into 
Tenths^-and the Squares of these, (cutting off the 
last figure) I have set down as the relative Illumi- 
nating power of the respective Instruments. 

An Optician informed me, that people commonly 
suppose^ that a Telescope of 4 inches in diameter, 
will be twice as light as one of 2 inches in diameter — 
(that is to say, when the Magnifying power of the 
Instruments is the same,) instead of being Four 
times as light, as the squares of the diameters make 
it, as 16 to 4; that is to say, that when the magni- 
fying powers are the same, that in the Telescope of 4 
inches aperture, the pencil of Rays will be four times 
as large as it is in the Telescope of 2 inches aperture. 

It is recorded, that the Proprietors of a Water 
Company, finding it convenient to borrow aid from 
another, requested permission to have a pipe laid on, 
the diameter of whose bore was 4 inches : this was 
granted, and being foimd not sufficient, a second 
pipe of similar size was requested, which was also 
granted; however^ previous to laying down the 
second, a subde calculator proposed, that as it 
would make a better job, and cost very little more 
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for a pipe of 8 inches than for one of 4 inches, that 
an application should be made for leave to exchange 
the two smaller pipes for the larger one, which was 
granted — the other party not being aware that they 
were giving double the quantity of water, or 8 times 
8, or 64 square inches, instead of twice 16 — or 32. 




The above Diagram shews that a circle of 2 inches 
in diameter will contain four circles of 1 inch in dia- 
meter, and therefore, that the Illuminating Power 
of Telescopes is as the Squares of their Diameters. 

A Pencil of Rays proceeding from a Telescope, 
makes a vivid and e£Pective impression upon the Eye, 
in proportion to the Brightness and the Bigness of 
it — and of Telescopes, of which the Magnifying and 
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Illuminating powers are equal, objects will appear 
the brightest in that Instrument, of which the Z)€- 
Jining power is most perfect, and that to a degree 
beyond imagination. 

Distinctness is frequently misnamed Light and 
briHiance, A fine Telescope, is said to be remark- 
ably light, because all the rays, by the mirror being 
ground perfectly true, unite at one point ; and this 
uniform action produces the same strong effect as 
the equal bearing of every fibre of Captain Huddart's 
cable, of which every thread pulls. 

In Comparing of Telescopes of various Diameters, 
so much depends upon Distinctness, or on what I 
have called their Defining power, that it is to no 
purpose, that their Illuminating and Magnififing 
powers ar^ equal, unless their Defining power is 
equal also. 

I have seen several Achromatics of more than 4 
inches aperture — and several Gregorians of 7 and 9 
inches aperture, with which, from the want of De- 
fining power, I could not perceive a glimpse of the Di- 
vision in the Ring of Saturn, which looked as dull as 
Lead — instead of shining bright like highly burnished 
Silver — as it does in a fine Achromatic Telescope, 
when the pencil of Rays is not less than ^^^th of an 
inch in diameter. 

Many Telescopes are good when their aperture is 
contracted a little, which are bad with the wh^e 
aperture. — See Chapter XX. 
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In Astronomical^ as well as in all other concerns. 
Truth is the first desideratim : — our Telescopes only 
delude us, unless, like the Juryma^n's oath, they dis- 
play the truth, and nothing but the truth. Astro- 
nomical amateurs should rather seek for perfect 
Telescopes, than large ones. What good can a great 
deal of bad light do ? 

In calculating the Illuminating power of Telescopes 
of various constructions, a Scale of the comparative 
brightness of the pencil of rays proceeding from 
various Instruments and various Eye-pieces, is a« 
needful as the measure of the bigness of it ; as is also, 
the requisite diameter of it for observing various 
Objects. 

I think, that the Vision of my 5 feet Achromatic, 
which has an Object-glass of 3^^^ths inches in dia- 
meter, is quite as bright as is useful for observing 
Saturn, when it magnifies 114 times — and that for 
observing planets, there is no use for a pencil of 
Rays from an Achromatic Object-glass being lai'ger 
than ^^^th of an inch in diameter, that is, the magni- 
fying power which is given by setting down the 
diameter of the Object-glass in tenths of inches, and 
multiplying that sum by 3. — This is allowing an 
Achromatic, a pencil half as large again as that set 
down by Sir W. H. for observing Saturn with a 
Newtonian — for which he says, that a speculum of 
6-n?th8 in diameter gave light enough with a power 
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of 287, consequently it was less than the 45th of an 

inch in diameter. 

63 

H 

252 
31J 



283J 

For observing Planets, our atmosphere will very 
seldom allow us to employ a greater Magnifying 
power than 200. 

Assuming that the pencil of rays need not be 
larger than the 30th of an inch — and that the Mag- 
nifying power need not be larger than 200 times t— if 
an aperture of 3-^ths inches admits a magnifying 
power of ] 14, what aperture is required for a magni- 
fying power of 200 ?— Thq Rule of Three will tell 

us — 

If 114 : 38 :: 200 

200 



114)7600(6.6 inches aperture. 
684 



760 

684 



76. 
Thus it follows, that an Achromatic of 6^7ths inches 
aperture and 7 feet focus, and a Reflector of 10 
inches aperture and 7 feet focus, are as large 
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Telescopes as the Atmosphere of this Country per* 
mits us to use. 

For observing Double Stars — ^to shew them with a 
neatly circumscribed disk like a Planet — the pencil 
of rays from an Achromatic must not be larger 
than the 60th or 70th of an inch in diameter, that is 
to say, that which is given by setting down the 
diameter of the Object-glass in tenths of inches, and 
multiplying that sum by 6 or in some cases by 7 — 
that is, a power of about 180 for an Object-glass of 
2^ths inches in diameter, and of about 250 for an 
Object-glass of 3-^ths inches in diameter. — See 
Chapter XX. 

What I have observed of Reflecting Telescopes, 
that the Makers should keep to certain lengths and 
certain apertures, applies still more strongly to 
Achromatics. 

The greater the number made of the same diameter 
and the same focal length, the greater variety of 
combinations may be tried, as the concave and con- 
vex Lenses which compose their double Object-glass 
and the Crown and the Flint Glass, can be better 
adapted to correct the aberrations of each other ; thus 
the more manufactured of one sort, the more easily 
and more perfectly each Object-glass may be made. 

I have been told by a Working Optician of con- 
siderable experience, that when he makes a couple of 
Dozen Object-glasses of 2|ths inches aperture, and 
gets One in which the spherical and chromatic aber- 
rations are perfectly corrected, and that will define a 
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fixed star neatly — ^that he has quite as much luck as he 
looks for : — if it is so extremely difficult to find Oa6 
really fine Object-glass of 2|ths inches diameter, 
when you have Two Dozen to pick it out of — what 
must not be the difficulty of getting one of 6 inches 
in diameter? Why, the difficulty cannot be less 
than in the proportion of its Illuminating Power; 
and if with 72, the Illuminating power of the Object- 
glass of 2^ths in diameter, it is 24 — ^what will it be 
with 360, the Illuminating Power of the Object- 
glass of 6 inches in diameter ? — ^The Rule of Three 
will tell us. 

If 72 : 24 :: 360 

24 



1440 
720 



72)8640(120 
72 



144 
144 



So, If the Gentleman's reckoning that Opticians 
get only 1 fine Object-glass of 2-/|^ths diameteir P^t 
of 24 is right — of 6 inches aperture we are only to 
expect 1 out of 120! 

I fancy that I may say, without much danger of being 
contradicted, that not above 10 Achromatic Object- 
glasses of 6 inches Aperture have been made during 
the last 1825 years — therefor^, if our future Opticiaiu^ 
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are equally enterprising and equally industrious, it will 
take at least 18 Thousand 2 Hundred and 50 Years 
before Eye may hope to see a perfectly fine Object- 
glass of 6 inches Aperture. A long time to be sure — 
but might not the period be shortened, by persuading 
our Glass-Grinders to work faster ? 

It has been suggested (by what signifies who) that 
the art of Music might probably effect this — and that 
whereas Opticians have observed, that the muscles em- 
ployed in making an Object-glass, sometimes become 
so exceedingly relaxed, that they will hardly do 6 days' 
yrork in 6 — on the contrary, that their agility may be 
restored, and indeed so augmented by the continual 
stimulus of certain Sounds, that they may be excited 
to do 7 days' work in 6 days, and the said Object- 
glass be produced in ^^h less time — i. e. in 2.607 
Years 62 Days 1 Hour 42 Minutes 5 Seconds and \tk 
of a Second less time — i. e. that I may hope that 
Eye may hope to see a fine 6 inch Object-glass iiji 
only a little more than 15 Thousand Years ! 

Although the above calculation may not be so in- 
teresting to certain vulgar persons who are anon 
anon crying, on all occasions, " cui bono ?" — it is pre- 
sumed, that to some minute Philosophers it is quite as 
important and quite as useful as some of those reck- 
onings, to which some pretenders to science have 
been indebted for no small portion of their Fame. 

So we have ventured to insert it, and also the follow- 
ing fmecdote illustrative of a convenient effect of Music 
m Muscular Motion, — presuming that we shall be 
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pardoned for such digression by hilarious and jocund 
Gentlemen who love to Laugh — and of those sad and 
silly Cynics who think that no man can ever be Wise, 
who is ever Merry, we beseech their Patience for a 
couple of pages more, when we promise again to be- 
come as matter-o'-factish as your Mathematician, 
and as melancholy as your Would-be-thought wise 
man sometimes thinks it becoming to pretend to be. 
It is recorded, that during the preparation for a 
General Mourning, a certain Master of the Sheers, 
whose Customers were anxious to be 

** Robed in the sable garb of Woe" 

in due ttme« encouraged his workmen to proceed wiUi 
their utmost agility, by the promise of a good 
Supper as soon as their work was done — a|id retired 
into his Parlour, which overlodced the Shop. 

After finishing part of his pint and pipe, on look- 
ing at his men, he was electrified with astonishment 
to behold them, notwithstanding the promised reward 
of a capital Jollification as soon as they had done the 
Job — that their Arms were all moving simultaneously 
in e^ unaccountably irregular and whimsical manner; 
half a tk>zen stitches were followed by a general 
pause — another stitch or two — another — and ag^in 
the threads were drawn with funeral slowness, and 
another general rest of Arms ensued — his Patience 
quite exhausted, he started up, and proceeded to- 
wards the scene of action; but before he had half 
reached it, his Legs were arrested by his Ears at the 
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same suit which had made captive the arms of his 
Men, and his progress was checked by a chord of 
dow Music — it ceased, his locomotive machinery was 
again ready for action, when his Legs, like as he had 
seen his men's Arms, were again suddenly arrested 
by another strain of Music — Ustening a little longer, 
he discovered, that the irregular action of his Artists 
arose from their listening to a neighbouring musician 
who was practising " The Dead March in Saul." 

Bobs! cried our Master Tailor, what a glorious 
opportunity of proving the Power of Music! PU 
pop in and tell Signor Violino what a grand effect 
his Playing has on our Working, and ask him to give 
them something " Vite*^ — " Vivace^* — " poco largo.'' 
The Knights of the Needle no sooner heard *' Moll 
t the Wad, " than their Ears insisted on their Elbows 
sympathising '* subito," and accordingly, they moved 
«8 nimbly as that of the Chevalier del Area — 

" Such sweet compulsion doth in Music lie," (Milton.) 

that they moved their Steel so fast, that many of 
them pricked their fingers. — Ah ! Hah ! cried 
Signor Violino, " Spizzicato.*' Ah ! Hah ! — " dolce, 
doke," we must ply them with one " poco presto" — 
we must proceed *' con discretione" — " con dolce 
matUera/' let us tash away in one Grand March : 
during his performance of this, the *' Tutti" took 
their stitches so suddenly and so long, that each man 
marched his needle plump against his neighbour's 
Elbow — till the Chevalier's Harmony was accom* 
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GLASS-GRINDER'S ROUNDELAY. 



panied by as much Discord, as the unconcatenated 
sounds of the Der FreischiUz itself. 

Tht following is " the Glass-grinder's Roundelay/* 
from a copy in my possession; to which there is 
affixed neither the name of the writer nor the com- 
poser ; therefore, it is quite impossible to imagine at 
exactly what period it was produced. Whether it 
was composed by Galileo, Huygens, Ramsden, Dol- 
lond, " n'importe/' if, by the continual chaunting of 
it. Opticians can do 7 days' work in 6, and make 
a fine Object-glass of 6 inches aperture in only a 
trifle more than 15 Thousand Years. — May be you 
don't mind who made it. Gentle Reader, much more 
than I do. 



THE GLASS.GRINDER»S ROUNDELAY. 



Presto. 




Grind a - way, Jol-lyBoys, Grind a - way, Grind a- 




way, such Woric is but Play; Smooth and Polish 




careful-ly, and Sing All so cheerful - ly. Grind a- 




way Jol - ly Boys, Grind, a - w^y, Grind a - ws^y. 
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" INVESTIGATION OF THE CAUSE OF THAT IN- 
DISTINCTNESS OF VISION WHICH HAS BEEN 
ASCRIBED TO THE SMALLNESS OF THE OPTIC 
PENCIL. BY WILLIAM HERSCHEL, LL.D. F.R.S. 



[Read June 22, 1786.] 

''Soon after my first essays of using high powers 
with the Newtonian telescope, (see page 134 pre- 
ceding,) I began to doubt whether an opinion 
which has been entertained by several eminent 
authors, " that vision will grow indistinct, when 
the optic pencils are less than the 40th or 50th 
part of an inch," would hold good in all* cases. 
To judge according to so rigid a criterion, I per- 
ceived that I was not entitled to see distinctly 
with a power much more than about 320, in a 7 feet 
telescope, which bore an aperture of 6^^s inches ; 
whereas, in many experiments on double stars, I 
found myself very well pleased with magnifiers that 

* This Rule did hold good in Reflectiag Telescopes in AU 
cases, tiU Dr. H. tamed the attention of Astronomers to Double 
Stars, the intense intrinsic brightness of some of which will 
admit of much more magnifying power than any of the Planets — 
many Stars will not s^ppear sharply and distinctly defined until 
the pencil of Rays is less than the 70th of an inch in diameter ; 
some require it even less than that, however perfect the Telescope. 

The "Eye is not sufficiently stimulated by Saturn with a pencil 
less than the 40th of an inch, i. e. a power of about 250, with a 
7 feet Newtonian, with an aperture of 6^1hs inches. — ^W. K. 
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far exceeded such narrow limits. This induced me, 
as it were, by way of apology to myself, for seeing 
well where I ought to have seen less distinctly, to 
make a few experiments oji the subject of the dia- 
meter of optic pencils. It occurred to me, that an 
opinion which limits them to any given size carmot 
be supported by theory, which does not determine 
on subjects of this nature, but must be decided, 
like many other physical quei^tions relating to mat^ 
ters of fact, by careful experiments made upon the 
subject*/' 

EXPERIMENT WITH THE NAKED EYE. P. 501. 

" Exp. 1, — ^Through a very thin plate of brass I 
made a minute hole with the fine point of a needle ; 
its magnified diameter, veiy accurately measured 
under a double microscope, I found to be .465 of an 
inch, while, under the same apparatus, a line of .05 
in length gave a magnified image of 3.545 inche&« 
Hence I concluded, that the real diameter of the 
perforation was about the 152d part of an inch. 
Through this small opening, held close to the Eye, I 
could very distinctly read any printed letters on which 
I made trial.** 

MICROSCOPIC EXPERIMENTS. 

'' N- 8. — ^This gave a pencil of 2173d part of an 
inch, with which I could count, or rather successively 

* Phil. Trans, vol. Ixxvi. p. 500. 
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see, the bristles on the edge of the wihg of a fly 
very well ; the field, on account of the great power, 
not taking in more than two large and a small one 
at a time." p. 603. 

JSrp. 10. — It appeared that with equal pencils, 
unequal degrees of distinctness may take place, and 
Dr. H. very rationally deduces from this, '' thdt a 
certain proportion of aperture is necessary to a given 
fbcal length of an object lens or speculum ; and that 
a fSailure in this point might probably bring on that 
indistinctness which has been ascribed to the small- 
ness of the pencils.'* p; 604. 

'* I shall, however, now proceed just to hint at a 
few inferences that may be drawn from these related 
experiments; as, upon a mature consideration, we 
may find recuson to believe they point out a cause of 
indistinctness of vision hitherto never noticed by 
optical writers; and which, when properly investi- 
gated, cannot but influence, and in some respects 
eontribute to the. improvement of our theories in 
(^t^. Vor admitting that ev^y Object^Glass or 
Speculum, whose aperture bears less than a certain 
ratio to its focal length, will begin to give an, indis- 
tinct picture, it will follow, that while former op- 
ticians have been endeavouring to diminish the 
aberrations arising f)rom the spherical figure, and 
the different refrangibility of rays, by increasing the 
focal length, they have been unaware of exposing 

N 
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thetnBelyes ta the consequences of the cause of in- 
distinctness here pointed out; And till its influ^Mse 
shall be well ascertained and. brought. to a ptoper 
theory, we must suspect that such tables as those 
which are given in our best authors on Optics, point- 
ing <mt an ap^ure of less than 6 inches for a glass 
of an. 120 feet focal length (or a ratio of 1 to 240), 
must be far from having that degree of perfection 
which may yet be obtained, No wonder that tele- 
scopes^ made according to theories (ht tables, where 
one of the causes of indistinctness is unsuspected^^ 
and therefore left out of the account, can bear no 
smaller pencil than the 4Qth or 60th part of an inch.! 

*' If then> on one hand, by increasing our aper- 
tures we certainly run into ^eat imperfection8> we 
ought, nevertheless, to considei! what d£U)g^> im the 
other, we may incur by lessening them too much/' — 
Phil. Trans, vol.lxxxvii. p^606. 

As I [have said — ^in 9 nights out of 10, the Atmos- 
phere {prevents the application of a, higher power 
for Planets than 200 — double that is enough for, 
defimi^ a}n]k)st way Double Star f — and that;, with, 
these ol^eQts^ and with thes^ powers^ the vi^on from 
an Object-Glaspi of 6, or a Speculum of. 10 inches lA 
diameter, is a£i viyid as, the Eye wishes; — this, ia 
extremely important data, because the less the dia-« 
meter of the Object-Glass or Speculum^ the gr^fkter 
IS the chance of its material beingi good^ and of it9 
figure being good-rtand the facility of usmg it* 
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All Obfect-Qlass of 6 incheis apertore ms^y be* 
madeof lOor? feet foeus, and^ay perhafwbe werked 
perfectly; but the enroni proctediagfirdtt abenn^ 
tkm aiise in saoh ao eactremely bi]^ mtioim htg^t 
Apertures, that it is hardfy to be hoped that human 
ingenuity will ever produce an Achromatic of larger 
Ap^rtore, possessing diat perfect degree of Definihg 
pow«r» which is indiiqiengable for Planetary obsenra* 
tkms :--^there k a lipait to the perftct manipulation' 
of Lenses, they casnot be worked of larger diameter 
than Specula^ and Sir W. H* observes, m vol. branuv. 
of the PhiL Trmm. that '* the maicimum of distmet- 
nesB is much easier obtained in a Metal of 6 inches 
in diameter than it is in lavger ones/' 

Specula are dear in proportion to the difficulty of 
wQildng t&em^ which arises in a high ratio tc th^ir 
diameter^ as the following pnces do, (ot a Metal of 
&^ths in diameter: the price put down in Mr. 
ToUey's Catalogue, see page 83, is: £108« 

For a Metal of 7 inches £126 r 
For ditto of 9 inches . . 210 
For ditto of 10 inches . . aii^ 

The following is an abstract of the account pub- 
lished by the Astronomical Society of London, of 

F^AUNHOFErV ACHltOMATK;. 

" The Tube is 13 feet loi^ constructed of Deal 
in the strongest manner, and overlaid with Ma-^ 
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hogany, so worked that it appears like a tube of 
highly burnished Copper. The ObjectrGlass and 
Eye-Glasses are set in metal frames, and ptorided 
with adjusting screws, for the puq>0Be of bringing 
the. axis of the Glasses into one straight line. The 
diameter of the Object-Glass is 9 Paris indies. 

'^ The most perfect motion round the Polar axis is 
produced by means of Clock-work, which, when set 
in motion, the Star will remain quietly in the cen^ 
of the field^, even when msignified 700 times. At 
the same time, there is not the least shake ot waver- 
ing of the Tube ; and it seems as if we were ob- 
Bei*ving an immoveable Sky. This instrument has 
4 Eye-pieces, the least of which magnifies vl 75 times, 
tod the largest 700. 

'* Schroter 'S 25 feet Reflector is deeidedjiy very 
inferior to this Ijtistrument. 

r'^ This masterpiece was sold to us by Privy Coun- 
sellor Von Utzschneider, the chief of the Optical 
Establishment at Munich, for £950, a price which 
only covers the expenses which the establishment 

incorred in making it. 

"W. Steuve.'^ 

Porpat, 1st Jan., 1825. 

t 

* This movement is a very great advantage, because it is 
highly necessary that, while we are adjusting a Telescope to 
distinct vision, the Object should be in the centre of the field 
of view, that being ihe most perfect part of the field.-— Read 
Chapter X* 
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Sec Profeesor Stbuvb's Letter to Fbancis 
Bailey, Esq, President of the Astronomical So* 
ciefy of London, on Fraunhofier's Tekicope^ at the 
Obsenratory at Dorpat. 

Professor S, says that this Instrument is superior 
to Schrdter's Reflector, because it shews more Small 
Stan; — that is only evidence of its Uluminating 
power, but he has not adduced any proof of its 
Defimng Power, 

I have seen, and may be. Gentle Reader, your 
Eye has seen some very handsome and some very 
rery forge Telescopes, that would shew lots of Small 
Stars, whidi were, nevertheless, bad enough — and 
would not sharply define any of the Planets. 

I do not pretend to give any infallible Rules as to 
what must be the diameter of a cone of rays, coming 
from a Gregorian Reflector, to be equal to, i, e. to 
paint as virid a picture on the retina, as that trans- 
mitted by an Achromatic Refractor. 

The Table at the end of this Chapter approximates 
as nearly to the truth as I have been able to cal- 
culate, according to the estimate that the Light of 
Telescopes, of similar construction, is in proportion 
to the squares of the diameters of their Apertures. 

I tiiink diat the Light transmitted by the Objeci- 
Glass of an Achromatic, is at least twice as vivid as 
diat reflected by the Speculum of a Reflectmg Tele- 
scope, that is to say, a cone of Rays of -ijsih of an 
inch in diameter from an Achromatic, will make as 
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#$tKOQg an iiapr^saipii ujp^^ t^e^Eye.aA acQAe (^Rays 
J^nem a JEleflector ^f dou]^ tbat^ 4iaineter «— ^ tliis 
'i^hmingl made with the Hiiygema^ Eye-tabe for 
the Achromatic. 

The NewtoBian Tdescope^ I thinks -r^ects rather 

;ja9kore Light than, either ihe Gregorian or Casee- 

j^uiim, ^hieb I beliere are upon a ppur-^^-See Sir 

^Isaac Newton's Paper in page 156 ; ^u^ r^ad the 

whole of Chapter IX. 

;3e.fore I had any id^ of endeayQurmgto lay down 

a Scale of the proportions of lUuiniiAatiqg tyid of Mag- 

joifyiiig power td^eac^ othei** in Tele^Qopes of yariaas 

^ho^struotiims^ fmd their a{>fd^c^ioii[to.^9li<:^ii» ol^e^ ; 

I found on trying my Herschel 7 feet N^tonian.wilii 

a power of 213^ diat it gave me about the siame degree 

A^ lUumination of Saturn, as my 6 feet Aefaronatic 

>4id.w^h 160~*iuid that 260 was qutt^ as much as my 

-,%<e} liked with that Newtonian, as 190 was rather 

beyond the maximum with the 6. feet Achromatio— 

4iiis 49]ml^0fal€B the accuracy of my ^stifoate df the 

-relative brightness , of ihe pencil of rays ftom an 

I (Achromatic and from a Newtonian, and proyes that 

it approximates to the truthrHfor as the lUuminalang 

pQwer jof the 6 feet is 144 — and pf the Ifewtonian 

^8^ — *or, m its pencil itrequired to be dodUe.the 

vdilun^r of .that from the AohdK>n^tic, we i^l 

-fe^kon it 198, the Rule of Three will igire us wint 

^Magnifying power a Telesoope^ with* an lUiimin^ting 

>pow^< ^f !l98* will beat*, ^ to :be. as i bright md 
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as a Tdescope with an lUumuiatiBg power of 144 
ia with 160. 

If 144 gives 160> what does 198 

160 



■ 11880 
198 



144)31680(220 
288 



288 
288 



and if 190 is rather beyond the maxiaaum of oiag- 
mfying power for Satom in the 5 feet — what is it 
ia the 7 feet? 

If 144 gives 190, what does 198 

190 



17820 
198 



144)37620(261 
288 

882 
864 

180 
144 

36 
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261 is rather beyond the maximum of Magnifying 
power for Saturn, in the 7 feet Newtonian* 

The powers 213 and 250 are produced by the same 
Huygenian Eye-tubes, which applied to the 6 feet 
Achromatic, produce 160 and 190 — ^the Focal length 
of the 5 feet Telescope rather exceeds its nominal 
len&^th : and the Focal lenfii;h of the 7 feet is rather 
short oV what it i« denominated. 

The facts related above, support my assertion, 
that the Pencil of Rays from a Newtonian Reflector 
is about half as effective as that from an Achromatic — 
and according to that reckoning, that the effective 
Illuminating power of the 7 feet Newtonian, with a 
Speculum of 6-/^ths inches in diameter, is to the 
5 feet Achromatic, with an Object-Grlass of S^tiis 
inches in diameter — as 198 to 144, therefore the 
Former is by full Jth a more powerful instrument 
than the Latter. 

Dr. Maskelyne states, in the Appendix to the 
Nautical Almanack for 1787, that to be as light,— 
the aperture of a Common Reflecting Telescope must 
be to that of an Achromatic Telescope as 8 to 6 — ^but 
he does not mean as the Squares of those numbers — 
i. e. as 64 to 25. 

I have reckoned in my Table of the Comparative 
Illuminating Powers of Achromatic and Gregorian 
Telescopes — that an Achromatic of Two inches 
aperture, is about upon a par with a Gregorian 
Reflector ofThree inches aperture, calling the Illu- 
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mmating power of the former 40, and of the Isitter 
90 : — ^if the defining power of the Gregorian be equal 
to that of the Achromatic, the Reflector ought to 1^ 
the mcNre effective inetrument^ 

I compared a 5 feet Achromatic with a double 
Object-Olass of Smyths inches in diameter, and whose 
Illuminating power I therefore call 144, with a Gre- 
gorian Reflector of 2 feet focus and fifths inches 
in diameter, and Illuminating power 280 — therefore, 
when the Magnifying power of the two Instruments 
was equal, the pencil of Rays reflected from the 
Speculum was very nearly double the diameter of 
that transmitted by the Object-Olass:— these In- 
struments were equally excellent, and their Mag- 
nifying powers were equal; I tried them at some 
Gilt Letters, on a board, at about half a mile distant, 
which were very well illuminated : the Reflector was 
equal, if not superior to the Achromatic. 

I had no opportunity of comparing these Instru- 
ments at either a Star or a Planet, or I suppose that 
the Achromatic would have been superior in shewing 
these Small Stars, like that which accompanies the 
Pole Star, 8U5. 

On the 2d of October, 1822, between nine and ten 
in the evening, I compared a celebrated 7 feet Achro- 
matic with an aperture of 4 inches, with an excellent 
Chregorian of 3 feet focus with an aperture of 7 
inches, which was contracted to 6 inches ; — with 
the Achromatic,- with all its aperture and a power of 

n2 



:20fi, ^^«i'iii%s.iiat'90.'Phaqdy defied ^s whm tiie 
Objfsetf Qtoa9 w^ eontmot^ bj^ a ring, of pasteboacd 
to S^the ( — tiie t (^eg<^ri^ T^ae«fpe dhewted' ' the 
Belts on the Body, aijid the Sivisioh in the Bii^-^f 
Sat»r)n> «ior^ dt&tuietly th^n tte Acbromattc^ espe- 
eially 'iiKith ^high pow9i3s::--^tfais 7' feet Achromatic 
.sbjeRv^dt^ Small St^> ntat die P^^ Star, iincdm- 
.i»p»ly:piam, • 

. OnAti^-9fi['Mayy IS^^^ltCom^w^d a-fine .444ncb 
AchfQsiMic of 2r/^bs japerttiFe, with a Gi^egoriaii 
Refle^r <^ 12 kiohes ifocus andof 4 iiidies s^mt- 
tu(e:-^4?i</>2^'' 4idrn0t appear «o white in the Qr^- 
.g1)rian;a8it did<in.th«;^iahrpioati(i ; yet Inprir Opticians 
who o^JHsonred^U, agi^^d :^th laae,^^^ the Beka weie 
Bftore idistinQ^ly visfible: fn jfehe .QD9gorian^^howeTer, 
Mte saw !the Small iSt^r, nearlhe P^ie Star, in the 
AchixHuatic, but QCHild QQt perceiye itwith/tbie Re- 
flector, which^ with a poW^F of S60, defindcl Cootor 
likie two little 1^0000 ; giving ^i«em ?less diameter 
than they h^d with th^t power in the AcfaiDmatio^ 
and incre^lng their ^epafation. - 

>1824, Dec 2pth, h?tlf-tpa^t'9r— i$a^m ;irery near to 
the Meridian, with the above-mentioned .Gregorian, 
^i^d a |)ower Cff 130, the div;isipn in !the IRiog as 
visible as with my fine 30 inch A<3h;:omatic4 which 
iJi?^s a do^We Objeot^Glass pf 2^ythfi inches in dia- 
meter, * ■ : 

I exp^ted that the Belts of Jupiter and Saturn, 
^d the Division in his B^ing, .woi^d be easily seen 



ILLUMINATING POWBE. 275 

IB proportion that a Telescope shews those Planets 
of a White colour — t. e. as the contrast between the 
colour of itke Body^^and the !folts uponit^ is greater : 
however^in the trial recorded above^ the Achromatic 
ahew»d th^ese Planets whiter than the ftefleotor; yet 
the Belts o{ Jupiter, and the Diyision in the Ring of 
Saturn, and Day objects, appeared more distinctly 
in the Reflector than in the Achromatic Telescope. 

Mr. Ben. Martin tells us, that '* it is by Reflected 
Ftslidft only that an Optical instrument truly Colour- 
fow, dan possibly be constructed. '^ — ^B. Martik*s 
Optical Essays, p. 42. 

This is fortunate, because Reflecting Telescopes 
have been made good by several Amatetlrs — Achro- 
matic Refractors are a comf^cated woiric/ whidi is 
very seldom produced perfect by even th^ most 
experienced and most expert Opticians : without 
any reflection on refractors, they deserve the mis- 
iiomer which a Showman gave to his Telescope — ** it 
18 to Refractory Telesc(^" 

Aciicomatibs are inferior to Reflectors for Day 
purposes, and for observing Planets, but when very 
perfect they i^ew Small Double Stars better thaii 
^ergenevality of Gitegorian Reflectors. 

iL anti disposed to attribute this faiktre of the de^ 
&ung power iof the Gregorians when turned to Sfliall 
Sftaia, ^merely to their not having been flnidied with 
due att^tution for that espedal purpose, — or to their 
not being -^xactfy in Adj moment: — great care and 
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pains have of late years heea bestowed on Achro* 
matic'Telescbpeis ; but R^flei:^tors for the last ti;i^nty 
• years have almost enth*ely neglected. 

For the following information/ I am' indebted to 
Mr. CuTHBERT, maker of Reflecting Telescopes, 
8ic.— See pp. 96 and 169 of this work. ' ' " 

"DeakSi*, 

' •' In compliance with your wish to 
know my method of adjusting the smeiti metals of 
Reflecting Telescopes, I beg leave to 'make the fol* 
lowing communication : — 

'* I place the ball of a Mercurial lliermometer at 
about one hundred yards distance, and in that situa- 
tion that the Sun may shine on it about 5 or 6 
o'clock in the Evening, — ^the Atmosphere gets move 
quiet towards Night. 

*' When I view this Ball with the Telescope, to be 
adjusted when the Sun shines upon it, if the Figure 
of the Metals are good, and in good -adjuistment, I 
see a perfectly round and wdl- defined artificial 
Star." 

'' To ascertain whether the small metal is in ad- 
justment, I separate it from the large one by turning 
the adjusting screw back about two turns ; the spot 
of light will then increase, and a black spot appear 
exactly in the centre, (if the metal is in adjustment:,) 
if not, it must be madie to fall exactly in the centre, 
by screwing in the screw which is on the side the 
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black spot is inclined to, and unscrewing the o{>po- 
site one ; this must be effected by eanall quantiti^ 6f 
a turn at a time, and then examined again — the 
eighth of a turn will be found to make a great 
alteration; I mean one of the Three Screws which 
press against the back of the Small Metal : the centre 
Screw need not be altered. 

• * By a few trials, it will be found easy to adjust 
die Small metals of a Reflecting Telescope ; I find by 
experience this mode superior to adjusting by a Star 
iBit Night. 

" Hoping, Sir, this communication vrill prove 
useful, 

" I remain. Dear Sir, 

" Yours, most respectfidly, 

" John Cuthbert.^' 

22 Bishop's Walk, Lambeth, 
June the 9th, 1825. 

Of those Doubk Stars, of which one is Biue, or 
Reddkh, &c. the colour appears of deeper tone in 
Reflecting Telescopes, and increases in tone as the 
Aperture of the Instruments is increased. — See Obs, 
on Rigel, in the Chapter on Doubk Stars. 

The dusky Bed colour which Dr. Herschel men- 
tions, as being the connexion of the Small Star 
accompanying Bigel, was more evident in my 7 feet 
Newtonian than in my 5 feet Achromatic ; but the 
Larger Star was better defined, and the Small Star 
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WIU3 .more neatly separated from the Latge Star in 
the Acliromaitie ; I .attiihuted this to the Newtoniasi 
net hairing been theaa in veryiiuce adjuatment:— *-the 
uncertainty of the adjustiMnt in Newtonian R^ect- 
ing Telesoopes which haye wooden Tubes, I have 
mentioned in page 125. , 

The failure of Reflectors in -diiewing the small 
Stars which accompany JSige/, thei Pofe Star, "Sic. 
oan. only be atl^ibuted to their > want of Defining 
power— ^ yet Reflectors have only the diffiexiItE^ of 
Workmanship to overcome, and those ondy in. half 
die degree which Achromatics have. 

In a Double Object-Glass, there are four surfaces 
ivhich must be very exactly figured; and their curves 
must be vei^ exactly proportioned to each other, 
and they must be very exactly centred : — in a 
Newtonian, there are only Two surfaces, — Refrac- 
tors have also to contend with the great impedi- 
ments which arise from the uncertain quality and 
the imperfections in the materials they are made of. 

It is grepitly to be regr^ted, that the ^fllculty of 
obtaining Glass free from vieins, &c and suffioien% 
homogenous, and the difficulty of wcnrking it tq a 
perfect figure, have hitherto been insuperaihie ob- 
stacles to <the extending the Apertures of Achromatics 
beyond S^tiis Inches :^^I don't bc^eve. ttmt there 
are half^a-tdozen larger in the'UniveiBe, tliat wiil 
define large Stars, or Planets, penfeddy : weUf with 
the whole of their Apeirture^-^Bea pige 17. 
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I am perfectly aware of the po^apoua Mcotmts 
published of the large Apertures of the Objeet- 
Glasses lately made; but i\ot any proof has been 
produced that their eiibct is in proportion to their 
dimensions. — See p. 267. 

Jlluminating power» unaccomptumd by D^iii^ 
power, — is as useless as the Sword of a Giant of 
twelve feet high, would be in the gr8«p 6{ a Gen- 
tleman of thrfse (e^t iMgb. i 

If good QIass be obtained, it seepos that it ^11 
still be twioe as difficult to obtain ftn Achromatic of 
5 inches Ap^ure, as it is to make a Reflector of 
7 iiiches. — See Table of the Compaiviwt lUuminatmg 
Power of Achromatic^ and Reflectors^ at :the end of 
this Chapter. 

As to Reflectors being troubled by Tremours, 
which Achitmiatics are free from, if such an asser- 
tion was true half a century ago, when they were 
suspended on miserable rioketty Stands, — it is not 
true now,-'-on the improved Stands now in use, 
they are as steady as Achromaties. 

The Paper written by Sir Wm. H. in the 
PhiL Trans, "on -the Power of Telescopes Pei^e- 
iratis^ into Space,'^ of which I have given an 
Abstract at the end c^ this Chapter, will explain 
the nature of what I have called '' Illtminating 
PmceTp^ which, however, I will endeavonr to further 

illustrate* 
In ^o instwee is the eflect of Illuminating Pow^ 
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more evident than in examining particular parts of 
' the Moon, wiUi various Apertures. — See Obs. on the 
Moon in Chapter XIV. 

The Small Stars, near the Pole Star, and near 
Rigel — the Division in the Ring of Saturn — ^and 
distant objects in the Evenings which are dis- 
tinctly seen with a 5 feet Achromatic of S-^ths 
inches Aperture^ and an Illuminating power of 144, 
are scarcely visible in a 3} feet, with an aperture of 
2^hs inches, and an Illuminating power of 72 — 
and with a 21 feet, with an Illuminating power of 
^40, are generally invisible : supposing that the 
several Instruments are equally perfect, and have 
precisely the same Magnifying power applied to 
them. 

With obj^ts which are well illuminated, in the 
Daytime, the advantage of Illuminating power, 
beyond a very limited degree, instead of being so 
.great as People expect, is not only useless, — 
but offends the Eye — ^for instimce, affix the Day 
eye-piece, usually put to a 3} feet Achromatic, 
to a 2^ feet Achromatic, with an Object-Glass 
of 2^i7ths in diameter, this will make it -mag- 
nify about 30 ; point it to a printed paper about 2 
or 3 hundred feet distant, you will be able to see 
the letters, as well when the aperture of the Telescope 
is limited to l^ths as with 2^ths — ^because the 
pencil of rays from the smaller aperture paints as 
vivid a picture upon the retinf^ as that from the 
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kurger — this praves that for Day purposes thei^ 
is no use in the pencil from an Achromatic being 
more Uian -^h of an inch in diameter : — ^but if you 
put on a magnifying power of 60 — or try the experi- 
ment in the evening, you will then find the advan- 
tage of the larger Aperture. 

lUs Law of a certain proportion of the dia- 
meter of the pencil to the nature of the object, 
governs in all cases — ^there is no advantage in its 
being larger than a certain diameter: a Scale of what 
Aat is for various Objects, would be a great acqui- 
sition, as the difficulty of obtaining the curves 
which produce perfidct defining power, increases in 
an extremely high ratio to the increase of the 
'Aperture of Tdescopes, as does also the expense 
of those Instruments, and the difficulty of using 
them on account of their becoming longer, &c« 

To ascertain the Illuminating Power of Telescopes, 
try.diem at the objects above mentioned, or in the 
close of the Evening, at a Printed Bill, composed 
of Letters of various sizes : — in the 5 feet Telescope 
some Small Letters will be legible, which are hardly 
discernible in the 3} feet, and in the 2J feet are 
quite undefinable. 

Illuminating Power is most accurately estimated 
when it is most wanted, t. e. on minute objects, and 
such as are badly lighted up : the advantage of a 
Large Telescope is most obvious if the comparison 
is made at the close of day : as darkness c(Hnes on. 
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^e>u9e of Qlummati^g pdwer will become move 
evident. — iSae Mr. Tui-lry^s Letter ml^e Chapter 

iiO^ Cii$90graman Tekso9pt$, page IfiS—atadSirW. H. 

. cm JPeneiraimg Pmoer, 

.4^1 essceUeQt te9t Jo determm-the rdathe Iib$- 
fninating power, and Defining poweiv ^^ .variims 

. Imtrumeiits^ is the Dinsion in die; Ring lai Satiini-*- 

. nnd i&e Xmmersttion and Emession of the Satellites, of 

^Jiupiter*-tiu^ latter was t1^ pi»of i^h&eh.thej^Qtero- 
wmsx Rc^I, Dn Mdskely»e> made nse of fer 

.^certaining the Light of has Teleecopes:: bts ^i*' 

^p^mentd J have rdated in p^e 108. 
: ;When the Immersions asod iEmtainm of i^ 
Moons oi Jupiter, ^re neeti at the Bame instant .iiy 
two Instruments^, we conc)nde» tbftt their lEunti- 
noting power is the sanie--fi. e. if d)ey:are ehaxgied 
with exactly tibe same Magnifying power, and*^ they 
define the Planet with equal sharpness :: — of Telc- 
ilOPpes of the same size, tliatis the best, c^ wbieh 

,the ]>efining power is best — ^ which is demoB- 
utrated by the Immersion being visible latest, and 

%l?he Emei^iw soonest. 

i ■ ■ ^ < ' . ' ■ 

IN RECOBDIN6 THE PERFORMANCE OF TELE- 
SCOPES, ^ 

' Jhe Aperture*— the Focal Length,— and Ae Magnify- 
jing power of the Instrnments, should be ai^uratetjr 
stated ;-ralso the distance of tJ^ Object :firom ^the 
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Telescope ia the Daytime — and from the Meridian 
at Night — and -those who are really anxious to be 
very accurate, will also note the temperature of the 
Thermometer^ — the height of the Barometer^ — the 
positicm. of the Wind, — ^Ae Place where, — and the 
Hour, the Day of the Month, and the Year, when 
the Observation was made. 

. As I have before said, a Oreg<tfian Reflector can- 
not 8o easily be made v^ good, if the foc^ length 
of its large Metal be less than 4 diameters of its 
Aperture; so an Ac|iromatic Telescope cannot be 
made so p^ect, as it is capable of being made, 
unjess a due jm^rtion is observed between the 
JPocal l»gth and the diameter of its Object-Glass. 

To apply Magnifying pow^r to tke utmost ad- 
vaniagti and in due proportion to tl|e Illnminatii^ 
power obtained by increasing the aperture of an 
Achromatic Telescope, the length of the fi^cus 
thereof mui^t be increased^— but in what proportion, 
if it has ever be^i proved, has never bpen pub- 
. lished ; — the proportion of Aperture to Focal lengUi 
varies in almost every different-sized Telescope, as 
the Reader will perceive by a glance at the Table 
of Achromatics, p. 24. 

I think that the 30 inch Achromatic, which has 

ns), Ol^ect-Glass of 2. inches in diameter^ 19 more 

frequency entitled to the appellation of JUhromttti^, 

.than imy.of that length, and which have an Obje^t- 

C^ass of: larger diameter. 
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My own experience of the performance of Achro- 
matics is, that an aperture of 2^th8 requires a 
length of at least 44 Inches, and would be a much 
more effective instrument if made 6 feet. 

I had 3 Achromatic Telescopes, with an Aper- 
ture of 2^ths inches, which were only 30 Inches 
focus ; and I have every reason to think, that 
the utmost care was taken by the makers to pro- 
duce as perfect an instrument as possible— how- 
ever, only one of them could shew s Bootis well — 
which I saw very distinctly with a Pancratic Eye- 
tube, which magnifies 270 — but with that Telescope 
I could neither see the small Star, near the Polar 
Star, nor the small Star which attends Rigel; — 
another would shew the two latter, but not so easily 
as a 3} of the same aperture — ^but would not shew 
r Bootis with any power ; — the Third was very shy 
at any of these Objects— nor for Terrestrial purposes, 
were any of these 30 Inches equal to a good 3} 
of the same Aperture ; — although they performed 
pretty well, and might satiirfy unexperienced Ama- 
teurs, whose uneducated Eyes have had no oppor- 
tunity of comparing them with a fine telescope of 
the like Aperture, of longer focus. 

The advantage — ^the necessity, I may say, of a 
e^tain proportion between the Focal length and the 
aperture of a Telescope, is learned by the fact — ^that 
the double Object-Glass of an Achromatic Opera- 
Glass, which is of an Inch and a half Diameter, 
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from being of not more than four inches focus, I'llill 
not bear a higher power, with distinctness, than 
5 times — ^the Qbject-Glass of a Two feet Achro- 
matic, which is no larger, will magnify 100 times. 

The 30 Inch Telescopes above mentioned, with . 
Object-Glasses of 2^ths inches in diameter, were 
all more perfect when limited to 2| or to 2 iiU^hes, 
with the whole Aperture of 2^ths inches, the edge 
of the Moon and of Jupiter, was tinged with a. 
Blueish, or Greenish, or Yellowish fringe — which 
varnished when I limited them to 2 inches ; — ^but 
no advantage appeared to be gained by any further 
contraction; — ^therefore, I am induced to offer a con- 
jecture, that for a Focal length of 30 Inches, that an 
Aperture of 2 inches — t. e. an Illuminating power of 
40 — ^approximates very nearly, if not quite, to the 
standard required -.■ — ^if this be the Basis of propor- 
tion for other Achi*6matic Telescopes, the general 
notion that the Apertures of Achromatics are not 
increased in the ratio that their Focal length is in- 
creased/is extremely erroneous. 

Opticians have informed me, that their Customers 
frequently ask, " Why a 6 feet Achromatic has not an 
Aperture of 4 Inches ? it is twice the length of a 2} 
feet, and therefore, should be made with twice as large 
an Aperture to have a due degree of Illuminating 
power/' Now the fact appears to be, that if Illu- 
minating power is as the squares of the Diameters 
of the Apertures, that 3^ths inches, the usual dia- 



286 nXUMINATIKG TOWER* 

meter of the Object-Glass of a 5 feet Achromatic, is 
a much larger aperture in proportion to 5 feet focus, 
than 2 inches is to 2j^ feet : — u e, reckoning the 
squares of the diamet^ of the apertures in Tendis of 
inches, and cutting of the last figure, thus, 40 for the 
2^ feet, and 144 for the 5 feet; — it appears that the 
5 feet, a^ usually made, widi an apelrture of S^ths 
inches, has; nearly twice ais larg^ an aperture in pro^ 
portiow to its focus as the 2| feet, which has an 
apearture of 2 inches — and with Double the foCal 
length, hais very nearly Quadruple the IHuminating 
power. 

If ^ Ulamitoating power of 40 is the proper pro- 
portion fw an Achromatic with a focal length of 30 
inches— ^A« Rule of Three will tell us what should 
be the proportion in any other Telescope. Thus — 
for an Achromatic of 44 inches focus, whose apertore 
is commonly 2^ths inches, and consequently whose 
Illuminating power is 72. 

Power of ^"^^^ ^«^ Power of * 

If 40 requires 30 what will 72 

30 



40)2160(64 Inches. 
200 



160 
160 



For a 6 fbet ' Achroma^, with, an aperture of 
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3^^thB inehea^ wliose lUuminating pawer ia 144, aad 
whose local length is commcmly 63 inches. 

If 40 requires 30, what does 144 

.30 



40)4320(108 Inches. 
40 



320 
320 



Thus, if an Achromatic of 2i| feet Foous^ is best with 
an Aperture of 2 Inches, and an lUuminating powet 
of 40, an apierture of 2-^ths inches should ha^e 
a focal length of 4 feet 6 inches : — an aperture of 
S^^ths inches a focal length of 9 fyeU 

These calculations correspond very nearly, but are 
still shcart q( the length of which Achromatic toett 
originally made, i. e. Telescopes of 2^thsaperture yrer^ 
formerly of 6 feet focus, and those of 4 Inch^ aper*> 
ture were 10 feet fboua; now this propcurtion was 
adopted when the only consideration in making aa; 
Achromatic telescope was, how to correct the chK>- 
matic and spherical Aberrations in the most perfect 
manner, so as to render the vision in a Refractot<afi 
goodj and . Aat objects m^t appear as perfectly of 
their nal4U^, colours, as they do in a Reflaotor^r**^ 
this aQpomp}ishe4 — the next desideratum] wa» to 
make Befiractors as short as Mr. Shoit .mst^ihm 
Reflectors, .and that they mAghjb be used: aa easily aa 
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possible ; therefore^ the makens contracted the Focal 
lengths of the Instruments^ finding that for ordinary 
uses, and ordinary eyes^ that this might be done 
without much injury to their performance. —What 
was called The 17 Inch Achromatic, was made 
at this time — this had a treble Object-Glass, with an 
aperture of 2 inches, and was mounted on a portable 
rackwork stand, which packed within the tube ; and 
the whole was a very ingenious apparatus. — I have had 
Four of these Telescopes, three of which were very in- 
different — ^the other was inferior to the 30 inch of the 
same aperture, which are sold at £10. 10«. — these 
little ineffective Dumpies were charged at £15. IBs. — 
they were extremely difficult to make good, and for 
several years have been almost entirely given up. 
' The longer the focus of the Object-Glass, the less 
will be the chromatic and spherical abeiTationa of it, 
^nd the larger may be the Eye-glasses, and conse- 
quently, the larger and flatter the field of view — 
thus it appears, that (especiedly for Celestial obeterva- 
tions) the long Achromatic Telescojies of the original 
I^oportions, were much more perfect and more 
powerful than the short^ Instruments now usually 
made. 

When the aperture of my 5 feet Achromatic is 
limited to 2|ths inches, with 250, I can see the two 
astars of s Bootis perfectly well — ^ which cannot be 
seoi well with a 3 J feet telescope of 2|ths apertiire — 
this is from the longer focus of the 5 feet. 



ILLUMINATING POWEE. 289 

Well might Dr. Maskelyne say, that " Telescopes 
of Sir Isaac Newton's construction perfonn most ex- 
cellently in the Minutm of Astronomy, especially if 
small Apertures and long Foci are made use of/' — 
See Supplement to the Nautical Almanack for 1787, 
p. 42, 

Vision is vivid in an Achromatic, in proportion 
as it is derived fix)m a due degree of original power 
fix)m the Object-glass — with the same Magnifying 
power, and same Aperture, small* Stars appear 
larger and brighter, and the division of Double Stars. 
is greater and more perfect. 

I was surprised to find» on comparing Achromaiic 
Telescopes of different lengths, at objects in the Day- 
time at' about a mile and a half distant, that the 
vision of my 6 feet Telescope, of S^ths inches aper- 
ture (see page 47), when its aperture was con- 
tracted to 2^ths inches, compared with a 3| feet 
of the same aperture, and with a 2 J feet of the same 
aperture, the Three Telescopes being all of equal 
excellence, that notwithstanding the central part of 
the Object-glass of S^ths diameter was much thicl^er 
than that of the Object-glass of 2-^ths inches dia- 
meter, the superior clearness and defining power of 
the 6 feet Telescope over its competitors, — ^the 3 J 
and the 2^ feet Telescopes, — ^was much greater than 
that of the 5 feet itself was with.S^^ths aperture, 
than it was with 2^ths aperture; although vrith 
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its whole aperture it defines e Bootis, Rigel, and 
other Double Stars, in the neatest manner, shews 
the Division in Saturn's Ring extremely well, and, 
I believe, is as perfect an Instrument as Art can 
produce : — -this observation is a striking proof of the 
very great advantage of lenses of long Foci even for 
Day purposes. — See pages 284 and 286. 

I read the above to Mr. Tulley, who replied, 
*' That is^all right. Sir ; I have made many Object- 
glasses of 2|ths Aperture and ,30 Inches focus — 
but not one of them was quite so perfect as some I 
have made of 44 inches focus." 

I will here take the liberty to caution those who 
hereafter may be crazy with the Dumpy Mania, that 
the convenience derived from Achromatic Telescopes 
being made short, (if beyond a certain proportion,) 
is greatly more than overbalanced, by the errors pro- 
duced by the great increase of the aberration of 
Sphericity arising from the deep curves of the ex- 
cessively small Eye-glasses we are obliged to em- 
ptoy. 

There is much difficulty in getting deep Lenses 
well worked — and errors arising from any deviation 
from proper figure; or true centering, are magnified in 
proportion to the magnifying power of the Lens. 

It is almost impossible to find an Eye-glass deeper 
than the ^^^th of an Inch focus, that will give a well- 
defined image of a Star, notwithstanding much 
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deeper Magnifiers are usable in Microscopes — a 
Single Eye-glass of half an inch focus, is nearly the 
shortest that can be conveniently used for viewing 
Planets. — See Obs, on this, in page 64, Chapter V. 

Steady Stands are now constructed at a very mo- 
derate expense, which make it as easy to use a Tele- 
scope of 10 feet, as one of 3 feet in length. 

There is a common notion that there is much more 
trouble in managing a Telescope which is mounted 
on Two Stands, than there is in using ai^ Instru- 
ment which is supported on One Stand — the greater 
trouble in using the former, is only in moving it 
from one object to another : when once directed to 
the object, a Double Stand is as easily used as a 
Single one — and as the Telescope is thereby sup- 
ported at each end, a Tube of Ten feet in length is 
as Steady on Two Stands, as a Tube of Two feet is 
on one Stand — the apparatus of Rack-work for the 
Two Stands may be so simple, that it need not cost 
more than One Stand. 

About 25 Years ago, I was a Dumpy-fancier my- 
self, and had then the following conversation, with 
an eminent Optician of. great expjerience : — 

Kit. How convenient Short Telescopes are ! I 
have bought a Dumpy"*. 

* This appellation was first given by Mr. Suobt, the celebrated 
Maker of Reflectors, to a Telescope he made for the Honourable 
Tupham Beauclerc. 
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Opt. Do you find it perform much better. Sir, 
than Telescopes of equal aperture that are longer? 
Kit. No, it certainly does not perform better. 
Opt. Did you pay less Money for it, then ? 
Kit. Nd, Sir — a great deal more. 
Opt. Then I think. Sir, that You have Isdd o\A 
your Money very badly — I guess that you have not 
got so good a Telescope for £30, as You might have 
had, with half the trouble to yourself and the 
Optician, for £20, — ^for You might have had the 
choice of 20 Telescopes of the usual length, and 
what does it signify whether the Tube is 2 or 4 feet 
long ? — a SiBnd that will carry the one will carry the 
other ; and remember. Sir,' that Vision is better, and 
easier to the Eye in proportion that Magnifyii^ 
power is produced by Lenses of lojig foci. — ^I 
am presuming. Sir, that the Instrument is employed 
for purposes where the first consideration is Optical 
perfection. — However, I ask pardon. Sir, for ^peakiug 
so plainly, perhaps You purchased your Dumpy 
merely for a Plaything ? . 

If the apertures of Achromaiics, as they are 
now made, are in regular proportion to their Focal 
lengths, the Eye-tube which makes a 2i feet, of 
2 inches aperture, magnify 80, will make a 3 J feet, 
with an aperture of 2777ths inches, magnify 120, 
and a 5 feet, with an aperture of 3^ths inches, mag* 
nify about 180, with the same degree of Illuminating 
power that the 2} feet has with the power of 80, that 
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is, the features of Jupiter and Saturn will be as well 
illuminated, and will appear as distinctly in the 5 
feet with 180, as they do in the 2 J feet with 80. — See 
Obs. in page 73 of the 6th Chapter, on Reflectors, 
lafter Dr. Smith's Table of the proportions of New- 
tonian Telescopes ; and in page 23, the Introductory 
Chapter on AchromtUics, Huygen's Table of the prop- 
ortions and power of Refractors. 

If Illuminating power is as the Squares of the 
diameters of the Apertures — in a 2 J feet Achromatic 
of 2 inches aperture, it is to a 3J feet, of 2^ths 
Inches aperture, as 40 is to 72, therefore, a 3} feet 
ought to bear a power of 145; and a 6 feet, with an 
lapertore of 3^^th8 inches, with an Illuminating 
power of 144, ought to bear a Magnifying power of 
290, with as much Light as the 2J feet has with 80 ; 
and would, if the Atmosphere did not prevent 
it— ^I have no doubt that the chief cause that they 
do not, is the intervention of the Atmosphere de- 
stroying the Defining power of the Instrument. 

The pleasant clearness and vividness of the vision 
witli a power of 80, arises from its so little mag* 
nifying the Medium which we look through — or 
by enlarging the Aperture and increasing the Illumi- 
nating Power of a Telescope, the higher powers 
would be as bright, and as distinct as the low power; 
ahd a 3 feet Gregorian Reflector, with an aperture 
<>f 5 inches, and an Illuminating power of 260, 
would define objects as distinctly, when made to 
magnify 260 times, as a 1 foot Gregorian, with an 
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aperture of 2^th8 inches, and an Illuminating power 
of 52, does when it is made to magnify 62 times — 
but about fds of 250, or about 160, approximates 
to the maximum which a Gregorian of 5 inches 
aperture will magnify for observing Plaji^ts — ^with 
a higher power, their features appear less distinctly, 
except when they are near to the Meridi^, and the 
Air is uncommonly clear, and the lastrument exqui- 
sitely perfect. 

A 30 Inch Achromatic, with an. aperture of 2 
inches, and of which I have called the lUunjin^ting 
power 40, will bear a Magnifying power of double 
that — i. e, 80 for either Jupiter or Saturn. 
' A31 Feet, of 2^ths inches aperture, and Illumi- 
nating power of 72, will bear a Magnifying power of 
double that, 144, but is pleasanter with 120. 

But a 5 Feet, whose aperture is 3^ths inches, and 
Illuminating power is 144, will not bear a Magni- 
fying power of double that, 288 — ^but |ds of that 
power, 190, or indeed 160, is enough for the Planet 
Saturn. I have not seen any Telescope which would 
bear a higher power than a little more than 200 times 
for observing Saturn.-. — See Chapter XIX. on Saturn. 

The Visibility of the Belts of Jupiter, and the Black 
Division in the Ring of Saturn, the Magnifying 
powei-s of the Telescopes being the same, id in pro- 
portion to the Illuminating and Defining powers of 
the Telescope — or, in honest plain English, as that 
is large, and is perfect. 

When I first began to play with Telescopes, in the 
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Year 1796, I purchased a 3J feet Achromatic with 
a double Object-glass of 2-/^ths inches aperture, 
but hearing the 46 Inch Telescope^ with a Treble 
object-glass of Z-^j^ths incites aperture, very highly 
spoken of, I supposed that it was quite impossible 
that I could be quite happy, till I obtained a Tele- 
scope of that kind ; and as a man who wishes to make 
good work, does wisely to provide himself with good 
tools, as soon as I could> I purchased a very good 46 
Inch — but on comparing it with the former glass of 
2i/^ths inches aperture, with equal powers of 130, I 
was disappointed to find, that all the difference 
which my inexperienced Eye could perceive, was 
ih»t Jupiter appeared a little whiter and brighter 
in the larger than it did in the smaller glass. — If I 
had observed the Immersions or Emersions of the 
Moons of Jupiter, I should have soon seen that the 
Immersions were visible later —^ and that the Divi- 
sion in Saturn's Ring was much plainer in the larger 
Aperture than it was in the smaller. 

MR. TULLEY'S LETTER. 

" Temt*s Court, Islington, 

"'Dear Sir, Feb. 16, 1824. 

'* The subject of our conversation yester- 
day, The Illuminating power of Telescopes of various 
constructions, has often occupied my attention. 

" At the same time that I finished the Achromatic Te- 
lescope, which I made for Mr. James South, F.R.S. 
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of 7 feet focus, with a Double Object-glass of 6 inches 
aperture, I completed a Newtonian Reflector, also 
of 7 feet focus and 6^%th8 clear aperture, and fre- 
quently compared the Instruments at various objects; 
myself, and my son, observed the Immersions of 
Jupitei-^s Satellites with ^hem, and could see the 
Satellite just as well and as long with the one as 
with the other Telescope. From this, and from 
various other trials of them, I am induced to say, 
Aat when the Magnifying powers were equal, we con- 
sidered the Illuminating Powers of the two Instru- 
ments to be equal also. 

" I have several times very carefully compared a 
Newtonian Refleci(»r with a Gregom/i, and when 
the aperture of the former was as 6-^ths inches to 
6^ths of the latter, that is, as 39 to 46, with the 
same Magnifying powers, their light appeared about 
the same, but I think that the Newtonian was the 
most Effective Instrument. 

*' I maybe allowed to observe, that I believe that 
the 7 feet Achromatic above mentioned, is the only 
Achromatic Telescope of that focus which has been 
made in this country of 5 inches aperture, — the 
Magnifying powers were from 100 to about 600 
times, and with the latter Power, I saw, for the first 
time, n Corona Borealis distinctly Double, — and, 
with a Power of 360, a Lyra was shewn Double. 
*' I am. Sir, your very obedient servant, 

" Chas. Tulley." 

'^' To Dr. KiTCHINER." 
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Tlie degree of Light reflected by a Reflecting 
Telescope, and the perfectness of its vision, may be 
imagined^ by considering that the Telescope with 
which Dr. Herschel made his first Catalogue of 
Double Stars, and with which he discovered them, 
(see page 249 of vol. Ixxiii. of the Phil. Trans.) was 
of only 4J inches aperture, 7 feet focus, and power 
222, with which. Dr. H. informs us that the vacancy 
between the two Stars of Castor appeared to be a 
little more than 1 diameter of the Larger Star; 
and that when the aperture of his 7 feet Newtonian 
was contracted to 3 J inches, with 460, the vacancy 
between the Two Stars of t Bootis was J a diameter 
of the Smaller Star. — See Chapter XX on Double 
Stars ; and the Phil. Trans, vol. xcv. p. 42 — :and see 
Dr. H.'s diagram of Castor, in the Frontispiece to 
this work. 

Length of focus is not so needful in Gregorian 
Telescopes; I have one made by Watson, of 12 
inches focus and 4 inches Aperture, (see page 
117)— which, with a power of 260, divorces the Two 
Stars of e Bootis very distinctly — I was quite as 
much surprised the first time that I saw this, as 
the Reader can possibly be : — this Instrument defines 
Castor as neatly as I have delineated it in the diagram 
in the Frontispiece; the stars appear smaller and 
sharper defined than I have seen them in any 
Achromatic. 
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COMPARATIVE LENGTHS, APERTUSE8, 



ACHROMATIC REFRACTORS 



Length and 

name they 

are called by. 



2 

n 

3J 



7 
7 



Diameter 

of 
Aperture. 



1 6 
2 

2 7 . 



3 8 

5 
6 



Illuminat- 
ing power. 



25 

40 

72 



144 

250 
360 



{ 



Prices 



L. #. 
4 4 

12 12 

21 

to 

42 

105 

to 

.150 

250 

360 



} 
1 



not equal to a 



* In Long Gregmian Telescopes it is impossible to get a Mag- 
shew the ^ole of the Moon — or for the purpose of a Day Tde- 
a 9 inch metal of 3 feet focus — and mounted on a p(»table 
man, and yet sufficiently steady, (see page 120.) My 9 inch 
inches focus. — See the evidence of the defining power of a Gfe- 
the last paragraph o( the preceding page (297); and on the propor- 
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ILLUMINATING POWERS, AND PRICES, OF 



AND GREGORIAN REFLECTORS. 



Length and name they are 
known by 


Diameter 

of 
Aperture. 


Illuminat- 
ing power. 


Price. 


jreec 


I$»eh, 1VfiM«. 




L. 


#• 


1 


2 5 


62 


7 


7 


u 


3 


90 


12 


12 


2 


4 5 


202 


20 





3 


5 5 


302 


50 


with rack- 


\ 7 Newtonian. 


7 
7 


490 
490 


105 
126 


[work. 



( 5 Gregorian*. 
1 10 Newtonian. 


9 


810 


200 





10 


1000 


315 






nifying power sufficiently low, and with sufficiently large field, to 
scope-r4iowever, by paying a proportionate price you may have 
Stand, which may be easily made so light as to be carried by one 
aperture Gregorian, which was made by Mr. Watson, is only 27 
gorian whose focal length is only 3 diameters of its Aperture, ia 
tions of Focal Lengths to Apertures, read pages 8.6 and 87. 
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When the Telescopes, which are placed opposite 
to each other in the preceding Table, are equally 
perfect, aild are charged with equal magnifying 
powers, if proper care be bestowed upon the Re- 
flectors, and their Defining * power is equal to that 
of the Gregorian mentioned at page 297 — and a 
Telescope-fancier has only himself to blame* if he 
purchases an instrument without giving it a proper 
trial — (read Chapters XII. and XIII.) — the Reflectors 
will be superior, as the pencil of Rays reflected by 
them, is more than double the diameter of that 
transmitted by the Achromatic^: — the easiest way 
to obtain fine Telescopes, — fine Stockings, — fine 
Stewpans, and all other Fine Things, I have shewn 
in page 42, 

The'preceding Table is not a mere Theoretic affair, 
but is the result of comparisons of Object-glasses 
and Specula, with equal Magnifying powers, and 
whose Defining powers were equal. 

It is to no purpose that the Telescopes are of equal 
size, if the Magnifying and the Defining />ou;ers 
are not equaL 

First, ascertain the Magnifying powers by Rams' 
den's Dynameter, (see page 238;) 

Secondly, try their Defining powers by the 
various tests pointed out for that purpose, in the 
Chapters XII. and XVIII. on Choosing Telescopes. 

* See the account of the perfonnance of a 4 inch Aperture 
Gregorian, in the last paragraph of page 297, in page 117, and 
in the Obsen'ations on Double Stars — at the end of this work. 
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Thirdly^ try both the Telescopes at the same 
Object^ with the same Magnifying powers^ and^ as 
nearly as can be, at the same moment, for, — thb bye 
has^a worse Memory than either of our other Senses. 

I might almost as well not have put any Achro- 
matic as being on a par with a Reflector of 7 inches 
aperture, because, no Achromatic Object-glass can 
transmit so much light as a fine and perfect 7 inch 
Speculum reflects, unless it be full 5 inches in 
diameter, and not less than 7, and I should prefer 
it of 10, feet focal length : — where are such Achro- 
matics to be obtained ? 

Moreover, a Gregorian of 3 or 4, or a Newtonian 
of 7 feet focus, and an Aperture of 7 itiches, may 
be purchased for half the price charged for an Achro- 
matic of 5 inches Aperture. 

I' have not seen a fine Achromatic Object-Glass 
of more than S-^^^dis inches in diameter; — See Mr. 
P. DoUond's Letter to Mr. Short, in the Phil. Tram. 
for 1766, — and page 16 of this wod^. 

On the calculation that the pencil of Rays fron^ 
si Reflector must be twice the diameter of that from 
an Achromatic ; a Reflector of 7 inches Aperture will 
have more than one-third more light than an Achro- 
matic of 3^ths Aperture. 

DR. HERSCHEt ON MAGNIFYING POWER. 

"The question * How miLch a Telescope magnifies f 
admits of various , answers. To resolve it properly. 
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we ought in all circumstances to consider how far 
the Magnifying power of a Telescope is supported 
by an adequate quantity of Light; as without it the 
highest power and distinctness cannot he efficient. 
The question, therefore, ought to be limited to an 
inquiry into the extent of what may be called the 
effective magnifying power? It will, however, be 
found, that even then, the quantity of this power 
cannot be positively assigned. For if a card con- 
taining engraved letters of a certain size be put up 
at a great distance, the effective power of a telescope 
directed to itj will be that wherewith we can read 
these Letters with the greatest facility ; but if either 
the size of the letters, or their distance from the 
telescope, be changed, the quantity of this power 
will no longer remain the same. An obvious conse- 
quence of this consideration is, that the effective 
power of telescopes has a considerable range of 
extent, and can only be assigned when the object to 
1)e viewed is given." — Dr. Herschel, in vol. cv. of 
Phil. Trans, p. 294. 

" It will, however, be proper, to point out from 
experience some of the advantages that may be 
taken, if not to increase, at least not to obstruct, 
the penetrating power, by. the full effect of which 
the magnifying power is to be supported. 

** The first precaution I ought to give is, that in 
these delicate observations, no Double Eye^Glass 
should be used, as it cannot be prudent to permit 
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the waste of light at four surfaces^ when two will 
collect the rays to their proper focus. The hole 
through which they pass in coming to the eye, 
should be much larger than the diameter of the 
optic pencils, and considerably nearer the glass than 
their focus; for the E^e ought on no account to come 
into contact with the Eye^piece ; and a little practice 
will soon enable the observer to keep his eye to the 
required situation. 

^' It is hardly necessary to add, that no hand 
should touch the Eye-piece." (p. 296.) 

DR. HERSCHSL ON THE POWER OF PENETRATING 
INTO SPACE BY TELESCOPES; WITH A COM- 
PARATIVE DETERMINATION OF THE EXtENT 
- OF THAT POWER IN NATURAL VISION, AND IN 
TELESCOPES OF VARIOUS SIZES AND CONSTRUC- 
TIONS; ILLUSTRATED BY SELECT OBSERVA- 
' TIONS. 

[Fhil. Trans, vol. xc. p. 49.] 

*' It will not be difficult to shew that the power 
of Penetrating into space by Telescopes, is very dif- 
ferent from Magnifying power ; and that in the con- 
struction of Instruments, these two powers ought to 
be considered separately." (p. 49.) 

" The aperture of the pupil of the Eye in different 
persons, differs considerably. Its changes are not 
easily to be ascertained, but we shall not be much 
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out, in stating its variations to- be chiefly betweeb 
one and Iwo tenths of an inch. P^haps thid may 
be supposed underrated; for the powers of vision 
in a room completely dcurkened will exert themselves 
in a very extraordinary manner. 

'* In some experiments on light made at Bath, in 
the )rear 1780, I have often remarked, that after 
stajring some time in a room fit<ied lip for these 
experiments, where on entering I could not perceive 
any one object, I was no longer at a loss in h^f ^ 
hour's time, to find ^very thing I wanted. It is,' 
however, probable, that the opening of the Iris is not 
the only x^ause of seeing better after remaining long 
in the dark, but that the tranquillity of the retina, 
whieh is not disturbed by foreign objects of vision, 
may render it fit to receive impressions such as other- 
wise would have been too faint to be perceived. 
This seems to be supported by telescopic vision; 
for it has often happened to me in a fine winter's 
evening, when, at midnight, and in the absence of 
the Moon, I h£|,ve taken sweeps of the Heavens, of 
four, five, or six hours' duration, that the sensibility 
of the Eye, in consequence of the exclusion of light 
from surrounding objects, by means of a Black 
Hood, which I wear upon those occasions, has been 
very great; and it is evident that the opening of 
the Iris would have been of no service in these 
cases, on account of the diameter of the optic 
pencil, which, in the 20 feet telescope at the 
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thne of sweeping, ivas no more than the .12 of an 
inch* 

" The effect of this increased sensibility was such, 
that if a star of the 3d magnitude came towards 
the field of view, I found it necessary to withdraw 
the eye befcnre its entrance, in order not to injmre the 
delicacy of vision acquired by long continuance in 
the dark. 

. ^ The transit of large stars, unless where none 
of the 6th or 7th magnitude could be had, have 
generally been declined in my sweeps, even with the 
20 feet Teleseope. 

^* I remember that after a considerable sweep with 
the 40 feet instrument, the appearance of Sirius 
announced itself at a. great distance, like the dawn 
of morning, and came on by degrees, increasing in 
brightness, tiU this brilliant star at last entered the 
field of the telescope with all the splendour ef the 
nsing sun, and forced me to take the eye from that 
beautiful sight. 

*' Such striking effects are a sufflci^it proof of 
the grqat sensibility of the eye, acquired by keeping 
it from, the light.^' (p. 64.) 

" On taking notice, in the beginning of sweeps, of 
the time that passed, I found that the eye, comihg 
from the light, required near twenty minutes before 
it could be sufficiently reposed to admit a view of 
very delicate objects in the telescope; and that the 
observation of a transit of a star of the 2d or 3d' 
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magnitude^ would disorder the eye again, so as to 
require the same time for the re-establishment of its 
tranquillity/' 

*' The difficulty of ascertaining the greatest open- 
ing of the eye, arises from the impossibility of 
measuring it at the time of its extreme dilatation, 
which can only happen when every thing is com- 
pletely dark ; but we have no difficulty to determine 
the quantity of light admitted through a telescope, 
which must depend upon the diameter of the Object- 
glass or mirror." (p. 66.) 

*' We now proceed to the Powers of TeUscopes 
Penetrating into Space. In order to come to some 
determination on this subje*ct, I made many experi- 
ments with plain mirrors. The method I pursued 
was that proposed by Mr. Bouguer, in his Traite 
d'Optique, p. 16, fig. 3 ; but I brought the mirror,' 
during the trial, as close to the line connecting the 
twp objects as possible, in order to render the re- 
flected rays nearly perpendicular. 

''The result was, that out of 100,000 incident 
rays 67,262 were returned, and therefore, if a 
double reflection takes place, only 45,242 will be 
returned. 

" Before this light can reach the Eye, it will 
suffer some loss in passing through the Eye-Glass, 
and the amount of this, I ascertained, by taking a 
highly polished plain glass of nearly the usual thick- 
ness of optical glasses of small focal lengths. Then, 
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by the method of the same author (p. 21, fig. 6) I 
found that out of 100,000 incident rays, 94,826 were 
transmitted through the glass. Hence, if two lemes 
be used 89,918, and with three lenses 85,265 will be 
transmitted to the eye. Then, by compounding, we 
shall have in a Telescope of my construction with 
one reflection, 63,796 rays out of 100,000 rays come 
to the Eye. 

" In the Newtonian form, with a single Eye-lens, 
42,901, and with a double Eye-glass, 40,681 will re- 
main for vision. 

^' There must always remain a considerable uncer- 
tainty in the quantities here assigned ; as a new 
polished mirror, or one in high preservation, will 
give more light than another that has not those 
advantages. The quality * of metal wiU also make 
some difference." (p. 66.) 

*' In the Newtonian and other constructions, whei*e 
two specula are used, there will also be some loss of 
light, on account of the interposition of the small 
speculum. 

" I suppose two-tenths of an Inch as being perhaps 
the general opening of the Iris in Star-light nights, 
when the eye has been some moderate time in the 
dark," (p. 66.) 

* Messrs. Tulley and Watson have assured me, that the 
Specific Gravity of the Metal makes a great difference in its 
reAecttve power, and that Specula reflect light in proportion to 
their Densities, 
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" In the year 1776, when I had erected a. tele* 
Bcope of 20 feet focal length; of the Newtonian con- 
struction^ one of its effects by trial was, that when 
towards evening, on account of darkness, the natnial 
eye could not penetrate far into space, the telescope 
possessed that power sufficiently to shew, by the 
dial of a distant church stee{de, what o'clock it was, 
notwithstanding the naked eye could no longer see 
the steeple itself. 

" Here I only speak of the penetrating poi;^er; 
for, though it might require magnifying power 
to see the figures on the dial, it could require 
hone to see the steeple. Now the aperture of the 
teleseope being 12 inches, and the construction 
of the Newtonian form, its penetrating power, when 
calculated according to the given fohnula, will be 



^/ 



=2 38.99, A, 6, a, bemg all ex- 
pressed in tenths of an inch. 

'* I have given the figures, in all the following 
equations of the calculated penetrating powerS;, in 
order to shew the constructions of my instruments 
to those who may wish to be a^^quainted with them.** 
(p. 67.) 

'' The distinction between magnifying power and 
a power of penetrating i^to space, could no.t but be 
felt long ago, though its theory has not been inquired 
into. This undoubtedly gave rise to the invention of 
those very useful short telescopes called Night- 
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Glasses. When the darkness of the evening cur- 
tails the natural penetrating power, they come in 
very seasonably to the reUef of mariners that are on 
the look-out for objects which it is their interest to 
discover. 

" Night-glasses, auch as they are now generally 
made, will have a power of penetrating six or 7 times 
farther into space than the natural eye. For, by the 
construction of the double Eye-glass, these tele- 
scopes will magnify 7 or 8 times, and the Object- 
glass being 2^ inches in diameter, the breadth of 
the optic pencil will be 3^th or 3|th of an inch. 
As this cannot enter the eye, on a supposition of 
an opening of the Iris of 2 tenths, we are obliged to 
increase the value of a, in order to make the telescope 
have its proper effect. 

" Now, whether nature will admit of such an 
enlargement becomes an abject of experiment ; but, 

at all events, a cannot be assumed less than — 
Then, if x be taken as has been determined for three 

refiPactions, we shaU have ^ ^^^^^ ^^* =6.46or 7.39.'^ 

(p. 69.) 

.. '* The 20 feet reflector having been changed from 
the Newtonian form to my present one, (i. e. the 
Front View,)* I had a very striking instance of the 

* ^ The Front view is a method of using the reflecting tele- 
scope different from the Newtonian, Gregorian, and Cassegrain 
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great advantage of the increased penetrating power, 
in the discovery of the Gregorian satellites. 

" The improvement, by laying aside the small 
mirror, was from 61 to 75; and whereas the former 
was not sufficient to reach these faint objects, the 
latter shewed them perfectly well." (p. 76.) 

** Among other instances of the superior effects of 
penetration into space, I should mention the discovery 
of an additional Sixth satellite of Saturn, on the 28th 
of August, 1789, and of a Seventh on the. 11th of 
September, in the same year, which were first pointed 

forms. It consists in looking with the eye-glass, placed a little 
out of the axis, directly in at the front, without the interposition 
of a small speculum ; and has the capital advantage of giving us 
almost double* the light of the former constructions. In the year 
1776 I tried it for the first tinie with. a 10 feet reflectpr, and in 
1784 again with a 20 feet one; but the success not immediately 
answering my expectations, it was too hastily laid aside. By a 
more carefiil repetition of the same experiment I find now, that 
several other considerable advantages, added to the brilliant light 
before mentioned, make it so valuable a construction, that a 
judicious observer may avail himself of it, at least in all cases 
wjiere light is more particularly wanted; and from the experience 
of thirty sweeps, which I have already made with it, I may ven- 
ture to announce it to be a very convenient and pleasant, as well 
as useful, way of observing. With regard to the position of 
objects, it differs from other constructions, by inverting the nortk 
and soiith, but not the preceding and following." — Dr. Herschel, 
in Phil. Trans, for 1786, vol. Ixxvi. p. 499. 



♦ In the text Dr. H. calculates it at one-fifth more — as 75 to 
61.— (See the 4th line of this page. y—Vf, K. 
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out by the instrument (40 feet). It is true that 
both Satellites * are within the reach of the 20 feet 
telescope ; but it should be remembered that when 
an object is once discovered by a superior power, an 
inferior one will suffice to see it afterwards. 

'^ I need not add, that neither the 7 nor 10 feet 
telescopes will reach them ; their powers, 20 and 29, 
are not sufficient to penetrate to such distant objects, 
when the brightness of them is not more than that 
of these satellites. It is also evident, that the 
failure in these latter instruments, arises not from 
want of magnifying power ; as either of them has 
much more than sufficient for the purpose." (p. 77.) 

*' From my long experience in these matters, I am 
led to apprehend that the highest power of magnify- 
ing miiy possibly not exceed the reach of a 20 or 
25 feet telescope ; or may even lie in a less compass 
than either. 

" However, in beautiful Nights, when the outsides 
of our telescopes are dropping with moisture dis- 
charged from the atmosphere, there are now and 
then favourable hours in which it is hardly possible 
to put a limit to magnifying power. 

*' But such valuable opportunities are extremely 



♦ I have twice seen both these SateUites perfectly plainly, in a 
12 feet Achromatic of 7 inches Aperture, with a Magnifying 
power of 150, made by Mr. Tulley. — See a particular account of 
this observation, in Chapter XIX. of this work. — W. K. 
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scarce^ and with large instruments it will always be 
lost labour to observe at other times." (p. 81.) 

" From what has been said before, we may con- 
clude, that objects are viewed in their greatest perfect 
tion, when, in penetrating space, the magnifying 
power is so Ipw ?ls only to be sufficient to shew the 
object well ; and when, in magnifying objects by 
way of examining them minutely, the space-pene-* 
trating ppwer is no higher than what will suffice for 
th^ purpose : for, in the use of either power, the in^ 
judicious charge of the other .will prove hurtful to 
perfect vision." 



CHAPTER XVIII. 

HOW TO CHOOSE^ AND HOW TO USE TELESCOPES 
FOR CELESTIAL PURPOSES. 

To Compare Instruments^ and to ascertain their 
peculiar powers — be not satisfied with less than 
Three Nights' trial, and try a variety of Objects — 
Double Stars — Planets — Day-Objects, &c. 

It is of the first importance, that the Reader 
should be fully aware, that such is the ever- 
changing and vibrating state of the Atmosphere of 
this Country, that some Evenings which appear to 
be extremely fine, and the Stars are brilliant and 
dazzling to the naked Eye, are quite unfit for observa- 
tion with Telescopes; and the best Glasses shew 
Stars like Darts, and Planets not with a sharply 
defined disk, but tremulous and hazy, and the Divi- 
sion in the Ring of Saturn is hardly visible. 

February the 3d, 1826, was such a Night as this. 
My best Telescope acted so imperfectly, that I thought 
it had been put out of adjustment, till on comparing 
it with a very perfect 30 Inch Achromatic, I dis- 
covered that the Atmosphere was extremely unfa- 
vourable for Observation : it generally is -when the 
wind is in the East. 
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In the morning of the 4th of February, there was 
a fall of Snow, and at intervals during the day till 
6 in the Evening — ^at J past 9, the air was favour- 
able for observation, and I saw the Division in 
Saturn's Ring very distinctly — ^it is impossible to 
guess whether a Night is well adapted for Celes- 
tial observations till you try; and Instruments 
are often condemned, when the Atmosphere only is 
in faults 

" For if there be any vapours moving and undu- 
lating in the atmosphere, which often happens, 
though the night appears clear to the naked eye, 
these will entirely destroy the distinctness of the 
appearance : and it often happens that the air in 
this respect, at least here with us at Kew, will so 
suddenly and so totally alter, that the object wiU 
appear very distinct and very confused afterwards in 
3 or 4 seconds of time ; and the air is sometimes so 
very variable, that objects will appear instantaneously 
to change from being very clear to be confused, and 
then to be clear again. It will, therefore, be proper 
to accustom one's self to the fluctuating appearances 
of some land-objects, seen in the day time through 
the reflector ; lest the undulating appearances of the 
planets in the night may deceive one, and incline one 
to think this instrument does not succeed so well as 
it is certain it will in a pure undisturbed Air/' — 
Dr. Smith's Optics, 4to. vol. ii. p. 366. 

" I have had recourse to my Journals, to find how 
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many Favourable Hours we may Annually hope for 
in this Climate. 

** It is to be noticed, that the Nights must be 
very clear — the Moon absent — no Twilight — ho 
Haziness — no violent Wind — and no sudden change 
of Temperature ; — and it appears that a Year which 
will afford 90, or at most 100 Hours, is to be called 
a very productive one"!!! — Sir W. H. in p. 84 of 
vol. xc. of the Phil. Trans. 

This calculation of Sir William H. may surprise 
the Novice, imtil he understands that a Planet or Star 
is only in a situation for high Magnifying power, 
about half the time that it is above the Horizon — 
t. e. it must be within Three, and for the highest 
Magnifiers within One, Hour of the Meridian. 

However, this scarcity of Clear Nights is not to be 
lamented quite so much as the Reader may at first 
imagine — the strongest sight will be fatigued, nay, 
will soon be impaired, if employed too often on such 
Eye-straining business. 

To ascertain to a certainty, whether the Atmo- 
sphere or the instrument is in fault ; have a 30 Inch 
Achromatic Telescope, of proved perfectness ; and 
before you try a New Telescope, see How that acts 
whose performance you are acquainted with. — I 
recommend an Achromatic, because they are more 
uniform in their action than Reflectors. — See Sir Wm. 
Herschel's Paper, on the Causes which prevent 
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Mirrors shewing Ol^ft^s distinctly — and the Chapter 
on Double Stars. 

I hare never seen the face of Saturn m(»re dis- 
tinctly than in a Night when the Air has been so 
hazy^ that with my naked Eye, I could hardly 
discern a Star of less than the third magnitude. 

The degree of the transparency of the Air is vary- 
ing almost every minute, so that even in the course 
of the same quarter of an hour^ Planets and Staos 
will appear distinctly defined, and *' vice versa**' 

To make any thing like an accurmte cemparisom 
of Telescopes, they must be tried, not only at the 
same Place, but as nearly as possible at the same 
Minute — and if the Instruments are of the same 
Length and construction, if possible, with the same 
Eye-tube., 

See that the Eye-tubes are glassed with the same 
kind of Glass, and that they are of the same Magni- 
fying power, or thie comparison will be in vain. 

A diflTerence of 5 or 10 times in the Magnifying 
power, will sometimes, oti s(Mne Objects, give quite a 
different character to a Telescope — th^s Object- 
Glasses of sm inch or two longer focus, will give 
different vision with the s^une Eye-piece. — Se^e 
Mr. Tulle y's Letter, at p. 1€6. 

The Colour, the Density, and the Condition, qf 
tiie Speculum of a Reflecting Telescope, is as import- 
ant as the colour of the Glasses, of an Achromatic. 



^ 
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See that the Eye-glasses are free from defects, 
and are perfectly clean; if they are not, wipe them 
carefully with a piece of quite new and soft Lamb's- 
skin leather ; — in replacing them, take care not to 
touch their surfaces with your fingers, but take hold 
of the edges only, and screw them into the same 
places you took them out of, 

• The Defects of Glass are either from Veins — 
Specks — Scratches — Colour — or false Figure. 

To discover Veins in an Eye-Qfess or an Object- 
Gtass, place a Candle about 5 or 6 yards from you ; 
then look through the Glass, move it from your Eye 
till you ^d it futt of Light, and you wiU then clearly 
see every vein, 8cc. in it, which renders Vision imper- 
fect by distorting the Objects. 

Specks or Scratches are not so mischievous as 
Veins, for they do not distort the object, but only 
nitercept part of the Light; — however, such de- 
fective Glasses should not be used. 

Whatever difference there may be in the di- 
mensions of the Instruments, if we wish to be 
acquainted with their respective qualities, they 
should be first charged with exactly the same Mag- 
nifying Pow6r (see p. 238) ; if the Telescopes are 
for Celestial use, this should not be less than 100 — if 
for Terrestrial, not less than 60. After this, you may 
proceed to tiy those powers, with which each Instru- 
ment acts, most perfectly ; for ascertaining of which. 
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we have already given directions in Chapters XII., 
XIII., and XIV. 

You cannot judge accurately of the excellence of 
any Telescope, by observing any object which you 
are not acquainted with. — " Every Eye reads best 
out of its own Book" — and Opticians have assured 
me, that to pronounce positively on the quality of 
an Instrument, they must try it at their own Marks. 

The Dial-plate of a Watch, placed about 100 feet 
from the Telescope, is an Excellent Test of the dis- 
tinctness and Achromaticalness of a Glass, especially 
when the Sun shines strongly upon it — so is a 
Weathercock, or any object in the Day, with a bright 
light behind it, and the Moon, and best of all the 
Planet Jupiter, when near to the Meridian. 

These are severe tests of the Achromaticalness of 
an Instrument, and there are very few which wiU 
not shew some colour about the edges of all these 
objects ; and in proportion that they do so, they are 
imperfect for Astronomical purposes; 

Those Achromatic Telescopes, which from their 
being a little over-corrected, that is, when the focal 
length of the Convex is formed a little too long foir 
the Concave — and the purple rays rather predomi-> 
nate, are considered to be the most brilliant and 
distinct in the Day time, are proportionately inferior 
for Celestial purposes. 

Dr. Smith, in his Remarks on Optics, observes, in 
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his 2d vol. p. 80 :— " Of several Telescopes of the 
same length, same Aperture^ and same Magnifying 
power, that is the best with which you can read a 
given print at the greatest distance.'' 

This is a good proof of the power of a Day Tele- 
scope, but a very inadequate proof of its fitness for 
Celestial purposes. — See Chapters on Saturn and on 
Double Stars. 

" Magnifying very minute objects, and particu- 
larly reading at a distance, have been generally 
considered as the surest tests of the goodness of a 
Telescope; — and, indeed, when the page is placed tit 
a great distance, so that the Letters subtend but a 
very small angle at the Eye; if then they appear 
with great premsion and sharpness, it is most pro- 
bable that the Instrument is a good one. ^ But yet 
we are sometimes apt to be deceived by this method ; 
not is it always possible to determine on the different 
merits of 2 Instruments of equal power,, by this 
mode of examination; for when the Letters are re- 
moved to the utmost extent of the powers of the 
2 Instruments, the Eye is apt to be prejudiced i by 
the Imagination. If 2 or 3 Words can be here and 
there made out, all the rest are guessed at by the 
sense ; insomuch that an observer, zealous for the 
honour of his Instrument, is v^ry apt to deceive 
lumself in spite of his intentions. 

** The surest Test is by Figures. In order to 
examine my Reflecting Telescopes, I made on a 
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piece of copper, and cm a black groHnd, 6 lines, con* 
stating of about 12 pieces of gold figures, and each 
Une of figures differing in magnitude from the 
smallest that could be distinctly made, to those of 
about ^ths of an inch long; besides, the figure in 
tiie several lines were differently disposed, and the 
sum of each line also differed. It is evident, that 
by this method ^U guess is precluded ; and that of 
2 instruments, of the same powers, that which can 
make out the least order of figvure^^ which wiU be 
known by the sum, is the best Telesec^. Such a 
plate I caused to be fixed up for experiments against 
the top of a Steeple, about 300 Yards north of my 
hojose; and it will s^rve to giye someJdea of the 
distinctness with which very small figures could be 
made out at that distance, by sayings that in a clear 
state of the air, and with the sun hcjiind me, with a 
Telescope of 18 inches focal length, I have seen the 
Legs of a small Fly, and the shadows of them, with 
•great precision and exactness/' — iSx* J« Mudge o» 
Reflecting Telescopes, from the PitV. Trans, for 
1777. 

The Atmosphere appears most transparent when 
there is least wind — ^vision seems better, because the 
Telescope is still. 

If' your Telescope stands in an Observatory 
which has a moveable Dome, or shding shutters in 
the Roof, these Apertures should be: opened hsdf an 
hour before you put out your Glass — for if the tern* 
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perature of die ^eternal air, and the air in the room, 
be not the same, in the degree in which they 
differ, will your Inatrument, especially a Reflecting 
Tdeseope, in a wooden Tube, perform imperfectiy. 
The only comfort of such an Observatory is, that it 
shidds you from Currents of Wind. 

Nor will a large Reflector perform properly for aome 
time after it has had a Tiolait shake, therefore, the 
Stands of large Re/tedors should be upon easy- 
moving Castors, like those applied by Sir Wm. H. 

7%^ best Roof for an Observatory to use a Tele- 
scope in, is that which can be thrown back entirely 
on each side^-^cmd is not above 6 feet from the floor, 
so that the Observer can see all around to the very 
edge of the Horizon. 

** It is manifest, that Observations made in die 
Open Air promise the greatest degree of consistency 
with each other, and the best elements for a theory 
and law of reiractions; but as this method, particu- 
larly in our Northern Climates, cannot be pursued 
with safety, either to the Astronomer or his appara- 
tus/ we can only endeavour to approximate to this 
perfection, by making our buildings as open to the 
Air as may be consistent with their particular struc- 
ture, and the health and convenience of the ob- 
server. 

'* The Meridian Apertures for the Transit Instru- 
mexit and Circle, are 6 feet wide; which is a breadth 
considerably greater than I have heard of in any 

p2 
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Observatory. These, or a part of them, should be 
left open until the temperature, withm, and that 
abroad, are found to agree entirely, or as nearly as 
can be effected: through these and the windows, 
there is a free admission of air — and that the tem- 
perature within may at all times be more nearly 
equal to that of the external air ; there are semi- 
circular air-holes in the walls, grated and covered 
with thin wide canvass, which are always left open 
to the air, except in wet or damp weather, when they 
are closed with shutters within." — Dr. Usher's 
Account of the Observatory of Trinity College, 
Dublin, in pages 5 and 17 of the 1st vol. of the 
Transactions of the Royal Irish Academy, 4to, 
1787. 

•* (40.)— Oct. 10, 1780, 6h. 30m. Having just 
brought out my Telescope, it will not act well. 

*' 6h. 46m. The Tube and Specula are now . in 
order, and perform very well. 

. " (41.) — Jan. 11, 1782. To all appearance the 
Morning was very fine, but still the Telescope, when 
first brought out, would not act well. After half 
an hour's exposure, it performed better." — Dr. 
Herschel, in vol. xciii. of Phil, Trans, p, 217, 
and following. 

** The Observer*, as well as the Instrument, must 

♦ Then a poor Star-gazer, on a cold frosty night, must he frozen 
before he can see, — this may certainly qualify him for observations 
on the other side of the Sti/x !!! 
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have been, long enough, out in the Open Air to 
acquire the same Temperature *. In very cold 
^weather, an hour, at. least, will be required ; v but 
in a moderate Temperature, half, an hour will be 
8u£^cient/' — Dr. Herschel's Obs. on 19 h Dra- 
conis, near El. 20 — ^in his JFYr*^ Catalogue of Double 
Stars, in vol, Ixxii. of the Phil. Trans. 

I find the following observation in my own 
Journal : — 

1808, May 1. Gary's 7 feet Newtonian Re- 
flector, 7 Inches Aperture — Saturn with 240,. very 
beautiful, the division in the Ring, and the Belts, 
seen very distinctly, — the Telescope in the Ob- 
servatory — ^as good after the first half -hour, as after 
the Windows and Door had been open for two hours, 
f To avoid Currents of Air passing before the Glass, 
whenever the Weather will permit, let the Telescope 
be taken out of Doors — ^it will seldom do its utmost, 
unless it be placed on the Ground, in the Open Air, 
at least a. quarter of an hour before you use it, and 
the. object of Observation is near to the Meridian. 
• Objects are not only much better seen with any 
given Eye-tube, in propoiiion that they are near to 
the Meridian, but we may use a higher Mag- 



♦ According to Smeaton, " Glass expands linjth in len^ for 
800O of temperature, consequently it expands ^th in bulk'' — and 
^* Speculum Metal expands .001933 in Length — and .005811 in 
Bulk." — Buchanan on Fuel, 8vo, 1810, pp. 35 and 39. 
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oifier. — See my Obs^ on Satunt, wbioh, when dose 
^ the Meridian^ was as sharp with 190^ as when 
Two hours from it it was wiUi 160, or Four ho«fs 
from it with 130. 

If the Instrument has been kept in a room, the 
temperature of which is warmer than the open air, 
take off the cover of the Object-end, and take out 
the Eye-piece, and let the air pass through the Tube 
for 10, or 20, or more minutes. 

For the same space of time, the Eye must avoid 
all stimulating and bright objects; so that the 
Pupil may be in its most expanded and sensitive 
#tate. 

The laiger the Telescope, the longer time ^ will 
take to acquire the Temperature, especisdty if it has 
a Wooden Tube, and the Large Speculum is above 
5 inches in diameter* 

My Great Dumpy Gregorian, whose Large Metal 
is 9^ths inches in diameter, is sddom in good 
temper till it has been exposed to the extefnal air 
for at least Half an Hour* 

'' A 40 feet telescope should only be used Ifbr exa- 
mining objects that other instruments will not reach. 
To look through a larger Telescope than required is 
loss of time, which, in a fine night, an astronomer 
has not to spare ; but it ought to be known that the 
opportunities of using the 40 feet reflector, are reo- 
dered very scarce by two material curcumstances* 
The first is the changeable temperature of the atmo* 
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sph^re^ by which fte mirror is often covered with 
the condensation of yapour upon its surfiioe^ which 
renders it useless for many hours; and in cold 
weather, by freezing upon it for the whole night, and 
even for weeks together ; for the ice cannot be safely 
taken off till a general thaw removes it. The next 
is, that, with all imaginable care, the polish of a 
mirror exposed, like that in the 40 feet telescope, 
though well covered up, will only preserve its re- 
quired lustre and delicacy about two years." — See 
PkiL Trans, vol. civ. p. 276» 

" The large Speculum is 49 J inches in diameter, but 
on the rim is an offset |ths of an inch broad, and 
1 inch deep, which reduces the concave face of it 
to a diameter of 48 inches of polished surface.^' 

When t^e Eye is properly prepared, the sensibility 
of our Sight is increased very considerably; and 
when tiie Division in Saturn's Ring, and difficult 
and delicate Double Stars, are the objects of exa- 
mination. Sir W* H. cautions us, that " it is in vain 
to look for them, unless every circumstance be &vour- 
able ;'' and such preparation of both the Eye and the 
Inslxument are indispensable* 

I have found it very necessary, to occasionally 
rest the Eye for a few minutes : that it may recover 
its irritability, which is soon exhausted when stimu- 
lated by an intensely bright object » 

When a Light is necessary, to find an Eye-pieoe, 
or rectify the Instrument, to prevent the adjustment 
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of th^ Eye being disturbed, use a small Lantern, 
which gives a faint Light only on one side. 



OBSERVATIONS AND EXPERIMENTS RELATING TO 
THE CAUSES WHICH OFTEN AFFECT MIRRORS, 
SO AS TO PREVENT THEIR SHEWING OBJECTS 

DISTINCTLY. (From Dr. Herschel's Paper in 
p. 217, &c. of vol. xciii. of the Phil. Tram.) 

" It is well known to astronomers^ that telescopes 
will act very differently at different times. The 
cause of the many disappointments they may have 
met with in their observations, is, however, not ^o 
weir understood. 

;** Sometimes we have seen the failure ascribed to 
certain tremours, as belonging to Specula^ and 
remedies have been pointed out for preventing them. 
Not ^infrequently, again, the telescope itself has been 
condemned ; or, if its goodness could not admit of a 
doubt, the weather in general has been declared bad, 
though possibly it might be as proper for distinct 
vision as any we can expect in this changeable 
climate. 

" The experience acquired by many years.of ob- 
servation, will, however, I believe, enable me now to 
assign the principal cause of the disappointments to 
which we are so often exposed. 

*' Unwilling to hazard any opinion that is not pro- 



TELESCOPES FOR ASTRONOMY. 327 

perly supported by facts, I shall have recourse to a 
collection of occasional observations. They haVe 
been made with specula of undoubted goodness, so 
that every cause which impeded their proper action 
must be looked upon as extrinsic. 

*' I shall arrange these observations under different 
heads, that, when they have been related, there ^lay 
remain no difficulty to draw a few general conclusions 
from them, which will be found to throw a consider- 
able light upon our subject. 



f( 



MOISTURE IN THE AIR. 



"(1.) — October 5, 1781. I see double stars, with 
460, completely well. The air is very damp, which 
proves that damp air is no enemy to good vision. 

" (4.)— Dec. 28, 1782. 17h. 30m. The water 
condensing on my tube, keeps running down, yet 
I have seen very well all night. I was obliged tp 
wipe the Object-glass of my finder almost continually. 
The specula, however, are not in the least affected 
with the damp. The ground was so wet, that in the 
morning several people beUeved there had been much 
rain in the night, and were surprised when I assured 
them there had not been a drop." (p. 219.) 



*' FOGS. 



" (9.)— Oct. 30, 1779. It grows very foggy, and 
the moon is surrounded with strong nebulosity; 
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nevertheless^ the stars are very distinct, and tbe 
telescope will bear a cimsideraUe power. 

" (10.)— August 20, 1781. It is so foggy, that I 
cannot see an object at the distance of 40 feet ; yet 
the stars are very distinct in tiie telescope. By an 
increase of the fog, « Piscium can no longer be seen 
by tbe ^e y yet, in the telescope, it being douUe, 
I see both the stars with perfect distinctness.'' 
(p. 221.) 



" DRY AIR, 



" (26.)— Dec/ 21, 1782. The tube of my tele- 
scope is dry, and I do not see well. . 

" (27.)— April 30, 1783. The stars are extremely 
tremulous and confused ; the outside of my telescope 
is quite dry." (p. 222.) 



« 



WINDY WEATHER. 



" (31.)— Jan. 8, 1783. It is very windy. The 
diameters of the stars are strangely increased, even 
those at 60** and 70** of altitude. Every star seems 
to be a little planet. 

" (32.) — Jan. 9, 1783. Wind increases the ap- 
parent diameters of the stars. 

<* (33.)— Sept. 20, 1783. The night has been 
very windy ; and I do not remember ever to have 
seen so ill, with such a beautiful appearance of 
brilliant star-light. 
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(< 



FINE IN APPEARANCE. 



*' (34.)— May 28, 1781. The evening, though 
fine in appearance, is not favourable. No instru- 
ment I have will act properly. The wind is in 
the east." (p. 223.) 



i< 



OVER A BUILDING. 



" (38.)— August 24, 1780. I viewed i Bootis 
with 449, 737, and 910, but saw it very indifferently. 
The star was over a house. 

V THE TELESCOPE LATELY BROUGHT OUT. 

'' (40.)— Oct. 10, 1780, 6h. 30m. Having but 
just brought out my telescope, it will not act well. 

" 6h. 46m. The tube and specula are now in 
order, and perform very well. 

'' (41.) — Jan. 11, 1782. To all appearance, the 
morning was very fine, but still the telescope, when 
first brought out, would not act well. After half an 
hour's exposure, it performed better. 

'* HAZINESS AND CLOUDS. 

'* (46.)— July 7, 1780. The air was very hazy, 
but extremely calm. 

" I had Arcturus in the field of view of the 
telescope, and the haziness increasing, it had a very 
beautiful effect on the apparent diameter of this star. 
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For, supposing the first of the points, Plate III. 
fig. 1, at page 232, to represent its magnitude when 
brightest, I saw it gradually decrease, and assume, 
with equal distinctness, the form of all the succeed- 
ing points, from No. 1 to No. 10, in the order of the 
numbers placed oyer them. The last magnitude I 
saw it under, could certainly not exceed two-tenths 
of a second; but was perhaps less than one. 

" This leads to the discoveiy of one of the causes 
of the apparent magnitude of the fixed stars."^ 
(p. 226.) 

The observations which are now before us, appear 
to be sufficient to establish the following principle ; 
namely, 

" That, in ord^r to see well with telescopes, it is 
required that the temperature of the atmosphere and 
mirror should be uniform, and the air fraught with 
moisture." 

This being admitted, we shall find no difficulty in 
accounting for every one of the foregoing observa- 
tions. 

" If an uniform temperature be necessary, a firost 
after mild weather, or a thaw after frost, will derange 
the performance of our mirrors, till either the frost 
or the mild weather are sufficiently settled, that the 
temperature of the mirror may accommodate itself to 
that of the air. For, till such an uniformity with the 
open air, in the temperature of the mirror, the tube. 
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the eye-glasses, and, I would almost add, the ob- 
server, be obtamed, we cannot expect to see well."' — 
See observation 16, 17, 18, 19, and 23. 

This explains with equal facility, why no telescope 
just brought out of a warm room can act properly. 
See Obs. 40 and 41. 

" Nor can we ever expect to make a delicate ob- 
servation, with high-magnifying powers, when look- 
ing through a door, window, or slit in the roof of an 
Observatory ; even a confined place, though in the 
open air, will be detrimental.*' — p. 226. 

CLAMP STAND. 

Dr. Derham observes in the preface to his A^tro- 
Tiisolc^, ^^ the nights that are more than ordinarily 
serene and clear, are commonly those which are tfae 
most intensely cold.'' In cold weather, the most con- 
venient and steady manner of supporting a Tele- 
scope, is by a Clamp* made to fasten on the win- 
dow sashes when the top sash is put down : the 
object-end of the Telescope is then in the open air, 
and if there is no fire in the room, and the Window 
has been open for half an hour — ^you will see as well 
as if you were out of doors. 

By this Clamp, we have all the steadiness of being 
on the Ground, without being exposed to cold and 

♦ Mr. Jones, Optician, at Charing Cross, made me a very com- 
plete clamp. 
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damp; I have never seen any Stand more steady 
than my Clamp on the Saahea is. 

Be it always remembered^ that Steadittess is of the 
first importance* 

When high Magnifiers are nsied, we need every 
assistance that can be contrived ; even with the best 
eoDstracted Stands, a person walking in the Room, 
or a Coach within hearing of the rattling of its wheels, 
will prevent our seeing distinctly ; nay, the very pulsa- 
tion in the body of the observer will sometimes agitate 
a floor enough to produce this effect ; acc(»:dingly, in 
well-constructed Observatories, if the Instruments 
are not placed on the Ground, oi^ on Stone Pillars, 
they are Supported on one iSoor, and the Observer 
stands upon another, which is attached to the 
CUiders and Joists of the Bjoo£. 
. When we wish to disqem those delicate and 
nnHute objects, which are the most interesting eX" 
hibitions that our Telescopes display to us, and with 
the finest Instruments -are only discernible with the 
most favourable circumstances, we should be in a 
position of the greatest ease: — no cramp or painful 
posture must distort the Body, or irritate the 
Mind, the whole powers of which must be concen- 
trated in the Eye. 

For this reason, Smeaton's Stool, which is adjust* 
able to sit at various heights — and the Box men- 
tioned in the Chapter on Newtonians (see p. 142), 
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are indispensable auxiliaries. — Our Body must be in 
tlie eafldest possible posture, when we wish our Eye 
to hare all its powers in perfection; and our Seat 
requires adjusting to heights according to the eleTm*- 
tioQ of our Telescope. — See p. 234. 
Mr . Av B E&T, who built the Observatory at Highbury 
Place, Islington — had 33 Telescopes; his favourite 
was a 46 Inch Achromatic — ^which I purchased of 
Mr. Hodgson, who bought it at Mr. Aubert's sale — 
this was a very sharp Day Telescope, and had an 
extremely Steady Stand, and very convenient motions 
for facilitating Observations, to which I principally 
attribute Mr. Aubert's partiality to it. 

High Stands for Telescopes for Celestial purposes 
should have a Drawer attached to them, to contain 
the magnifiers, like that in Dr. Herschers Stand for 
his 7 feet ]$f ewtonian ; and should be high enough for 
the Eye to come conveniently under them, when you 
are seated in a common chair, when the Tube is 
elevated to at least 75 degrees. — See p« 221. 

The Object-end of Telescopes should be shaded 
ky a Dew-cap, or Spray-shade — that is, a Brass 
or a pasteboard tube projecting beyond the Object^ 
end about twice the diameter thereof. This is a coa-^ 
venient auxiliary to defend the Telescope from Dew, 
and also for observing a Planet or Star near the 
Moon. 

Those who are extremely susceptible of Cold, may 
defend Aemselves, while observing in the open air, by 
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A Great Coat lined throughout with Fur, and Throw 
over that a Woollen Cloak — and put on over their 
Shoes a pair of the thick woollen Stockings, like 
those worn by Fishermen, called Wodmull Hose. 

The best defence for the Head, is a couple of the 
common double Cotton Stocking Nightcaps ; their 
elasticity allows them to be pulled down comfortably 
close around the Ears and Neck without any resisting 
pressure. 

. For the Throat, turn up the Collar of Your Great 
Coat, and tie a Handkerchief round it. 

Over all wear a Black^hood, which will come down 
over your Shoulders, similar to that recommended 
by Sir W, H.— See pp. 304, 5, 

This Hood is not only a comfortable Shield against 
the Chilling night air, but a convenient skreen 
around the Eye, for preventing the intrusion of any 
raysupon the retina except those which come direct 
from the Telescope, and thus, not only improves the 
Vision very much, but renders it easier to the Eye. — 
Read page 198. 

Those who have not Courage or Constituticm to 
brave the inclemency of Midnight Frosts and Damps, 
without which, actual Astronomical Observations 
cannot be made in the Noble Theatre of Nature, I 
recommend to pay a visit to the 

OURANOLOGIA, 

in which is shewn the most beautiful and perfect 
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Orrery ever exhibited — it is one of the most Instruc- 
tive Exhibitions that Youth can be taken to. 

" Stars teach as well as shine.*' 

" An Undevout Astronomer is mad." 

** The Heavens are telling the Glory of God, and the Firma- 
ment sheweth his handy work.** 

" These are Thy Glorious Works, 
Pabent of Good, Almighty !" 

" A Deity believ*d, is Joy begun ; 
A Deity ador'd, is Joy advanc'd ; 
A Deity belov*d, is Joy matur'd.'* — Dr. Young. 

This Lecture on Astronomy and the Phenomena of 
the Heavens and of the Earth, which has been writ- 
ten and compiled by the ingenious Proprietor, is 
annually given, during Lent, at the English 
Opera House, on a Magnificent Orrery of One 
Hundred and Thirty Feet in circumference. In this 
immense Machine, the Sun, and all the Planets and 
Satellites revolving round him, are seen in motion, 
with their comparative Diameters and Orbits. The 
whole of the complicated machinery was also in- 
vented by Mr. Arnold. 

Mr. Bartley well deserves the fame he has 
acquired, by the impressive manner in which he 
delivers the illustrations of these sublime subjects. 

When you have done using your Telescope, let the 
Object-glass, or Object-metal, be taken out and laid 
in a dry warm room, where the damp air, which on 
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dewy evenings too plentifully condenses on it, will 
speedily be evaporated. 

However closely the lenses constituting the Ob- 
ject-glass are burnished into the brass Cell, unless 
they are carefully kept dry, the damp air will pene- 
trate between the Glasses, and produce a sort of 
Fog, or what Opticians call a sweat, — or sometimes 
an arborescent vegetation, like sea-weed, which 1 
have seen spread all ovar the Object-glass ; and, for 
want of attention to the above Caution, many a fine 
Object-glass has been destroyed by the dampness of 
the Observatory. 

I am informed that this effect of Damp happened 
very often to the Telegraph Telescopes, and if the 
Object-glasses were burnished in, the remedy was 
" to Roast them*' as they termed placing them 
before the fire, till the Damp had evaporated. 

ForRoASTiNG other Things, the Optician's Oracle, 
cannot choose but refer the Reader to *'The Cook's 
Oracl-e.** 

Unless this Vegetation exists in an extreme degree, 
experience has proved that the only detriment it does 
to the performance of the Glass is, that it does not 
transmit quite so much Light : — if the rnstrument 
be excellent, it is more advisable to put up with an 
almost imperceptible diminution of its brilliancy, than 
run the risk of destroying a fine Telescope ; for an 
Optician, of great experience, has assured me, that 
so little Light is intercepted by this vegetation, that 
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if it was wiped off while you were looking through 
the Glass, you would not observe any difference. 

Object-Glasses cannot be separated from each other, 
without perhaps irreparably destroying that harmony 
from which the Instrument derives its superior excel- 
lence, and which, once disturbed, can seldom be re- 
stored — the Acme of perfection being always acci- 
dental. 

The Metals of Re/lectors which are in Mahogany 
iTibes are very apt to become tarnished- — especially 
the Small metals ; these, should be covered with a 
close fitting Brass Cap as soon as done with, and the 
Large Speculum also. If they get tarnished, no- 
4lung removes it better than a little Citric acid 
dksolved in a little water, rubbed on with the finger, 
and then dried with a bit of quite new. and clean 
Lamb's-skin leather. 

At all events, suffer no' one to touch your Tele- 
scope but the Original Maker. — See the Duke de 
ChauJnes's experiment, related in page 8« and the 
first ps^e of the Obs. on Rigel, in Chapter XX. of 
this work. 

Mem. — ^The best time to call and gossip with an 
Optician, is in hazy weather, when his Galileoship 
is not engaged in pleasing or teasing his Eye with 
his Machineries, 
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CHAPTER XIX. 

SATURN. 

THE RING OF SATUEN 

is visible in an 18 Inch Achromatic Telescope, witb 
a power of 40. — See p. 33. 

THE BELTS OF SATURN 

are not to be seen distinctly in an Achromatic Tele- 
scope of less than 2^^ths inches aperture (see p. 40), 
or a Gregorian Reflector of less than 4 inches ap^- 
ture (see p. 118),. nor with a less magnifying power 
than 80. 

' The variation of the situation of the Belts of Saturn 
is much greater than those of Jupiter. Sometimes 
I have seea only One of these Zones^ sometimes 
Two, — I never saw 'Five, like the Quintuple Belt, 
drawn by Sir W. H. in vol. Ixxxiv. of the Phil* 
Trans. 
The Belts on the Body of Saturn are more easily 

discernible than i 

/ 

THE DOUBLE RING. 

In extremely fine nights, and when the Planet is 
in a favourable position for observation, and within 
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two hours of the Meridian^ both the Belts and the 
Divrsionin the Ring may sometimes be perceived in 
a fine 44 < Inch Achromatic^ with an aperture of 
2j^j4Jis inches, and best with powers of 100 or 130. 

On the 34th of Norember, 1824, at 10 at night, I 
saw them in an Achromatic of 28 Inches focus, with 
a double Object-glass of 2^ths inches aperture, 
with a .Single convex Eye-glass, which magnified 
115 — ^but these appeakunces are not visible in a satis- 
fectory mjemner with an Achromatic unless it has 
at least S^^ths aperture, or a Gregorian Reflector 
of 6h inches aperture. 

On December the 20th, 1824, at J past 9; Saturn 
v^. near to the Meridian, with a Gregorian, made 
by Mr. Watson, of 4 inches aperture, and 12 inches 
focus, magnifying 130, I saw the Division in the 
Ring, as well as with a 3^ feet Achromatic of 2^ths 
inches aperture. — See page 297. 

The phenomena of this Planet are much easier 
seen with the 5 Feet, Uian they are with the 46 Inch 
Achromatic Telescopes, which have a Treble Object- 
^ass of 3-j^ths diameter; the superiority of the 
vision in the & Feet, is not to be attributed solely to 
that T.descopa having more Light, because its aper- 
ture is -nrths of an inch larger, and its Object-glass is 
Double instead of Treble ; but principally, to the 
great original powOT of the Object-glass fix)m its 
longer focus. — See ps^es 284 and 289. 

This Planet appeaJrs brighter, and the IHvii^on 
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between its Rings blacker, and more distinctly with 
my 6 Feet, with 160, than it does with either my 
Aubert or Beauclerc 46 inch Telescopes, with 130, 
or.wheu they have any other power applied to them. 

In my 6 feet Achromatic, TAe BeUs and Thk Diw- 
sion in the Ring, are easily visible with 100 — most 
pleasantly seen with 130 ; or, when the Planet is 
within an hoiir or two of the Meridian, with 160 or 
190 (Huygeriian Eye-pieces), beyond the latter, the 
Planet loses its whiteness and brightness, and its 
features become less distinct, for want of Illumi- 
nating power, and when I increased the Mttgni- 
fying Power of this Telescope beyond 160, except 
when the ^r has been extremely clear, I have felt my 
Eye immediately regret that the Illuminating power 
of the Instrument' could not be increased in like 
proportion. - 

Most of my Observations were made on the North 
border of London, and the Smoke, &c. thereof, 
might form a veil against vision, and the Atmosphere 
be an obstacle against high powers, which may not 
be in so great a degree in thie Country. '• 
< Those who wish to see this Planet in London, are 
advised that they will not discern the Division in the 
Ring so well'before-^as after 10 6*C16ck. 

In tlm ** Elysium of Bricks and Mortar" we are 
so surrwuadftdby "Groves of Chitoneys," that until 
^e nmjority of the Great Fires of the Great Manu- 
faetpries are out^^the obfuscated atmosphere of this 
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monstrous Metrdpolis defies all the ' penetrating 
power that the immortal Herschel himself could 
bring against it. 

Ol]ject8 which require all the powers of the Eye 
to be fresh, and in fine condition, should not be 
examined when it is tired with having been at work 
all Day. 

If a Planet comes to the Meridian at Midnight, 
lie down in a quiet darkened room, and rest your 
Eye by getting a nap. Half an Hour's Horizontal 
Refreshment, you will find a very renovating prepara- 
tive for such Ck^nt^nplation; — it will restore the tone 
of your Visual Organs, and sharpen your sight pro- 
digiously. — 

" Experto crede." 

With my 5 feet Achromatic, with 130, the Black 
Division in Saturn's Ring (when the position of the 
Planet permits it) is constantly visible; but with 
higher powers is only to be seen in the fits of easy 
transmission, and appears like a Mouth opening and 
shutting: excepting some very fine clear nights, 
when the air is still, and the Planet within two 
hours of the Meridian, when I have seen it better 
with 160, — sometimes, when it has been very 
near to the Meridian/ have used 190 with evident 
^^^▼Aatage; but have never thought that I saw 
better with a power beyond that.— See a particular 
account of the application of Single Concaves — Con- 
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ve'aces, and Hvjfgenian Eye^ubes, to diis Planet, m 
page 60, and the pages folloiraig that. 

The proximity of a Planet to the Meridian is more 
important with a Small Telescope than it is with a 
Large one. The same Evening, whai Satnm .has 
been not more than 30 degrees above die boiazon, 
with a magnifying power of 200 applied to my 
Reflector of 9 inches disooeter, I have seen the 
Division in the Ring, when I could aot perceive 
it in a Reflector of 6 inches in Diameter* 

Since Sir Wm. H. gave tis the Prints:^ Safsim in 
the PAt7. Tr^m^., «Qme Poor Robin rStarhgazers have 
been sadly dissatii^ed with liieir Glasses, because 
they would not shew the features of the Planet as 
large and as plainly as th^ appear in Sir Wm. H.'s 
Portmits of them, not considering that Sir Wm. tells 
us, in page 461 of vol. xcvi. of the P4i7. Trans*, 
that ^'The outlines> and all the other features of the 
Engravings, of Satum,; ^ij^efar more Msiiact than we 
can see them in the Telescope a£ ojw 'dew; but it is 
the very intention of a eopp^[date, to collect together 
all that has been sueeessfolly discovered by repeated 
and occasional perfect; glimpses, and to represent.it 
united and distinctly to our inspection. Indeed, by 
looking at the drawings contained in books of Astro- 
nomy, this will be found to be the ease witdi liiem 
all. For aai instance of this, see TasiJE Maiteri 
Opera inedita. Appendix Observationum ad Tabu* 
lam Selenographicam Animadversiones, where the 
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annexed accurate and valuable plate represents the 
Moon such as it never can be seen in a Telescope." — 
See PhiL Trans, vol. xcvi. p. 461. 

You must not expect to see Saturn so distinctly 
as it is depicted in tl^^e Prints, unless You have an 
Instrument as powerful and as perfect as that with 
whickthe Drawing was made — that is, a Reflecting 
Telescope of at least 6-^ths inches aperture. 

Moreover, to have as Good a view of Saturn as 
that given by Sir W. H. — ^the Planet must be in the 
same Position — ^You mu^t have as Good an. Eye — as 
Good z. Telescope, — ^in as Good Adjustment*, — in 
as Good Temper ; — the Stand of the Telescope must 
be Goody — and it must be placed on Good firm 
Ground in a Good situation in a Good clear Evening. 

Sir Wm. H/s 7 feet Newtonian, with which he 
informs us that most of his observations on Saturn 
were made, had an aperture of only 6-f^^ths inches, 
and magnified with its single Convex Lens 287 ; but 
with the fellow Telescope to that, which I have, 
made by Sir W. H. (see page 141 on the 7 Feet 
Newtonian), I find 250 to be quite the maximum 
of powe^ that I wish to use at Saturn ; — and with 
that power, unless t|;ie observer has a very different 
Eye to mine, he .will not see the Planet half so big 

* A very usdul tenn in Optics, whidi, like Nervous in Physic, 
serves to account for all kinds of unaccountable derangements 
$md Don^performances in Optical machineries. 
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as it is represented in Sir Wm. H/s portraits, in aU 
of which the Body of the Planet is l^ths inches in 
diameter. 

In the Drawing in the Frontispiece, which was made 
with a Herschel 7 feet Newtonian, with a Huygenian 
Eye-tube of 213, the Body of Saturn appeals 
very little more than -nyths of an inch in dia- 
meter: with my 6 feet Achromatic, with 190, it 
appears rather , less, nor haye I met with any Eye 
that, with these Instruments and powers, estimated 
it larger : — ^it would be a deviation from that itnd 
Truth, which it has ever been my earnest endeavour 
exactly to observe, to portray a Planet larger thmi 
it appeared in my Glass. 

HuYOENS, in his Systema Saturnium/' 4to, 1659, 
p^ d5, has given us a Portrait of Saturn, in which 
the body of that Planet is l^^ths inches in diameter, 
and from one extremity of the Ring to the other 
3^th inches f this was made with a Refractor of 23 
feet focus, which Dr. Long (in page 464 of the 2d 
vol- of his Essay (m Astronomy, 4to, 1786,) says, 
magnified 100 times : — there is no Belt on the Body, 
nor Division in the Ring, in this large Portrait, 
which is in the 49ame position, and in shape and 
proportion is similar to Sir Wm. H.'s, only that 
it is a little less, and there is no Quintuple Belt, nor 
Division in the Ring; see Sir Wm. H.'s print in the 
Phil. Trans, for 1794 — ^which was made with his 7 
feet Newtonian, with a Metal of &nfths inches in 
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, * ___ 

diameter, and a single convex Eye-glass which gave 

a magnifying power of 287. 

Mr. Hadley's Portrait of Saturn, which was 

taken in June 1720, and is in Dr. Long's Astrononiy, 

and in the Phil. Trans, is the first print which 

gives us any thing like a real resemblance of 

THE DIVISION IN THE RING, 

which in this print is represented as broad as the 
Outer Ring, which is near to the fact : Dr. Long 
says, ** Upon my asking Mr. Hadley* whether the 



* Sir I. Newton's Telescope having lain neglected for 50 years, 
was executed by Mr. Hadley. — See Phil. Trans, for 1723, 
vol. xxxii. pp. 303 and 382, which contains a particular account 
of it; as does also Gregory's Optics, by Desaguker, 8vo, 1735, 
p. 244. 

• ^ The large Speculum of Mr. Hadley's Telescope was 6 inches 
aperture, and 5 feet 2fths inches focus, and half an inch in thick- 
ness. The oval plane is i^th or i^th of an inch in thickness, 
soldered on the back to another of brass ; its breadth something 
less than half an inch, and is in proportion to its breadth as 1 to 
y/2: had three single Eye-glasses magnifying about 190, 208, 
and 230 times, and a Day Eye-tube 125 times.'' — In vol. xxxii. of 
the Phil. Trans, for 1723, p. 384. 

<< It is no small convenience, that by means of one of these 
reflecting Telescopes, whose Length exoetds not five Feet, (and 
which may be managed at a Window within the House,) Celestial 
Objects. appear as much magmfied^ and i^ ditUnct^ as they do 
throng the common Telescope of more than 100 Feet in Length. 

q2 
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Planet appeared as diatinct as in the figure en« 
graved? he answered, * That if the figure were 

'^ Mr. Bradleyy the Savilian Professor of Astronomy, aod 
myself, ha^e compared ikfr. Hadley^s Telescope (in which the 
focal length of the Object-metal is not quite 5 feet and i,) with 
the Hvygenian Telescope, the focal length of whose Object-glass 
is 123 Feet: and we find, that the former will bear such a charge, 
as to make it magitnfy the Object as many Times as the latter with 
its due charge; and that it represei||» Objects as distinct, though 
not altogether so clear and bright ; which may be occasioned 
partly from the difference of their apertures (that of- the Hut^eman 
beittg somewl^at the larger), and partly from several litde spots in 
the concave Sur&ce of the Object-metal, which did not admit of a 
good polish. 

'^ Notwithstanding this difference in tlie brightness of the 
Objects, we were able, with this refiec^ng Telescope, to see what- 
ever we have hitherto discovered by the Huygenian; particularly 
the Transits oiJz^ttr^s Satellites and their Shades, over the disk 
of Jupiter; the black List in Satumh Ring; and the Edge of the 
Shade s>i Saturn cast on the King, as represented by Fig. 4, 
Plate II. of the fore-mentioned Transact. No. 376. 

^* We have also seen with it, several t>mes, the 5 Satellites of 

Saturn ; in viewing of which this Telescc^ had the advantage of 

the Hu^eman, at that time when we compared them ; for it being 

in Summer, and the Httygenian Telescope being managed without 

a Tube, the twilight prevented us from seeing in this some of those 

small Objects, which, at the same time, we could discern with the 

reflecting Telescope. 

" I am, &c. 

" Ja. Pound." 

; << In dbsefving Saturn the last Spring, at a time when the 
i'lanet was about 15 days past the Opposition, he saw the Shade 
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placed at thedistance of 6 or 6 feet^ it would^ to Eyes 
of the common sort, give a very good representa- 
tion af what his Telescope shewed to him.' '* 

The Division in Saturn's Ring 

most of the drawings represent as in the centre of 
the Ring, and as dividing it into two equal parts — 
SirWm. H., in his drawing with the Quintuple Belt, 
makes the Inner Ring as 3 parts, and the Outer as 

of the Planet cast upon the Ring, and plainly disceraed the Ring 
to be distinguished into two Parts by a dark Line, concentric to the 
circumference of the Ring. The outer or upper part of the Ring ^ 
seemed to be narrower than the lower or inner part next the Body, 
and the dark Line, which separated them, was stronger next the 
Body, and fainter on the outer part, towards the upper edge of the 
Ring. Within the Ring he discerned two Belts, one of which 
crossed Saturn close to its inner edge, and seemed like the Shade 
of the Ring upon the Body of Saturn; but when he considered 
the situation of the Sun, in respect to the Ring and Saturn, he 
found that Belt co\ild not arise from such a Cause. 

" The dark Line on the Ring of Saturn, parallel to its circum- 
ference, is chiefly visible on the ansa, or extremities of the Elliptic 
Figure, in which the Ring appears ; but he has several times been 
able to trace it very near, if not quite round ; particularly in May, 
1722, he coidd discern it without the Northern Lipib of Saturn, 
in that part of the Ring that appeared beyond the Globe of the 
Planet.'' 

The above are Mr. Hadle/s Observations with the same Tele- 
scope. — See Phil. Trans, for 1723, vol. xxxii. pp. 385 — 6. 

For an account of a Newtonian, made by Mr. Dollond for 
Mr. Dunn, Tol. lii. p. 188.— Magi 220. 
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one, of the whol^ Ring : and the Outer Ring about 
twice as broad as the Division between it and the 
Inner Ring. 
To my Eye the breadth of the Outer Ring ap- 

• • • • 

pears to be about one-fourth more than the Divi- 
sion between it and the Inner Ring. 

The breadth of the whole Ring (including the 
division in it) is to the space between the Ring and 
the body of Saturn as about 5 to 4, which is accord- 
ing to Sir W. H.'s calculation. — Seethe FhiL Tram. 
vol xcvi. p. 463. 

It had the above appearance in 1825, on April 2, 
8 o'clock, with a 12 feet Achromatic, of 7 inches 
aperture, made by Mr. Tulley — ^with 150, the 
7 S9,tellites of Saturn were easily visible — not so 
easily with 200 — the Planet appeared as bright as 
brilliantly burnished Silver, and I saw the Division 
in the Ring, and a Belt, very plainly with 200. 

April 4, I again saw the two extremely faint 
points of Light which I, on the 2d, conjectured 
were the 6th and 7th Satellites of Saturn — and 
have now. no doubt that they are — as their relative 
position to each other, and to the Planet, is 
considerably changed since the 2d ; with 150 tiiey 
appeared as the small Star, which accompanies 
the. Pole Star, does in a fine 5 feet Achromatic 
of 3xiyths inches aperture, with a power of 100. — 
N.B. I believe that is the only obi^ervation recording 
these Satellites, except those of Sir Wm. H.'s. — $ee 
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an Observation on the Pole Star with this 12 feet 
Achromatic, under the Article Pole Star, in the 
Chapter on Double Stars. 

The diameter of the Body of Saturn in Mr. Bad- 
ley's engraving is -^ths of an inch, which corresponds 
very nearly with the size which I have delineated it. 

A Vulgar Error prevails, that if a Smalt Tele- 
scope magnifies as much, you can see as well with it 
as with a Large one — ^the needful proportion of Illu- 
minating power by which Magnifying power must 
be supported to be effective, has never been fully 
explained till the writer of this work wrote the 
17th Chapter of this Book, to page 248 of which 
he refers the Reader. 

In composing this work, I have always considered 
myself as addressing a Novice, who has had vety little 
acquaintance with the subjects which I am endea- 
vouring to elucidate; — I therefore must observe, 
that the visibility of the Division in the Rings of 
Saturn, depends upon the position of that Planet : 
I have heard persons complain of their Telescopes, 
when the only reason why they could not see the 
Division in the Rings, was, because^ from its peculiar 
position, *' it was not in sight." 

The Singular figure of which the Body of Sa* 
turn was observed by Sir W. H. on April 19, 
1806, when he says, that " the Figure of Saturn is 
so mew hat like a parallelogram, with the four comers 
rounded off deeply, but not so much as to bring it 
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to a Spheroid" — the polar diameter was 32, the Equa- 
torial diameter was 35^ as portrayed in Sir W. H.'s 
print, which the reader will find, with a description 
thereof, in the. 455th page of the Phil. Trans, for 
1806, — ^is very like the appearance which the Planet 
presented, in September 1818, when I made a sketch 
of it, which is Uke to Sir W. H/s; only that in 
my sketch the Body of the Planet is about I an 
inch in diameter, which was the size that it appeared 
to my Eye with the Beauclerc 46 inch Achromatic, 
whicli has a Treble Object-glass of 3-]^ths inches 
aperture, and a Magnifying power of 130 — and with 
a 10 feet Achromatic, with an aperture of 4 inohes, 
a power of 120 — and that in Sir. W. H/s portrait the 
Body of the Planet is l-/^ths inches in its widest dia- 
meter, and that I could not then see any Division in 
the Rings — there were two Belts visible ; but the Ring 
was in that position when the Division in it was 
not visible — at. least not in the Telescopes which I 
used. 

> 

I have occasionally observed this Planet for nearly 
30 years^ and I do not remember to have seen the 
Body of it of this singular form, except for a few 
months at the time I have mentioned. 

Sir W. H. says, in page 458 of the Phil. Trans. 
for 1796, that '* an .Observer who has not an Instru- 
ment that will bear a very distinct Magnifying power 
of 500, ought not to expect to see the outlines of 
Saturn so sharp and wellrdefined. as to have a right 
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conc^tion of its figure." — ^However, in September 
1818, the singular figure of it was easily seen^ even 
in a 30 Inch Achromatio, of only 2 Inches Aperture, 
and power of 100. — The outlines of the Planet do 
not require half so much Illuminating or Magnify- 
ing Power, as is required to see the Belts, and the 
Division in the Rings. 

I mention these particulars, because I have met 
with several persons whose Candour had conquered 
their Courtesy so completely, that they said, that 
this extraordinary portrait of Saturn is not a proof of 
the goodness of Sir W. H.'s Telescopes, but a proof 
that they represented Objects distorted. 

The Body of Saturn (according to my recollection) 
tqppeared of this shape only for a few months: 
and some persons who had not been continually 
observing the Planet, and who were not aware of 
the humpty-dumpty shape which it had assumed, 
when they saw it, a few months after, when it had 
returned to its usual form, doubted the correctness of 
Sir W. H.'s portrait. 

However, the Prints of Saturn, which have since 
that time been given in the Encyclopaedias and Ele- 
mentary works on Astronomy, are, I believe^ all 
taken from this humpty-dumpty portrait — that being 
the latest likeness drawn by Sir W. H., I suppose it 
has been by the Editors of these Mrorks considered 
the best. 

It would be an extremely acceptaUe acquisiticm to 
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Astronomers and Opticians, and will immortalise 
any accurate Observer, who will be so industrious, 
to give a n^w Edition of the Figures of the 
Humble, the Honest, and the Pains-taking Huy g ens, 
on a Scale sufficiently large to shew the appearance 
of this wonderful Planet, in each year of its Revo- 
lution ; or, as it appears, in each of the Signs of the 
Zodiac — (see following page) : — this woiild teach 
those who are curious about it, when they might 
expect to see the Planet in its various positions; 
when the Division in the Rings appears most plainly — 
when it vanishes to a mere bar across the Planet — 
and when it appears only as a Belt, as Sir W. H. 
has represented it in his prints in the Phil. Trans. 

Sir. Wm/s Print, iii the PhiL Trans, vol. Ixxx; 
represents the ring reduced to a bar across the Planet, 
as seen by him, with a Newtonistn of 6 J feet focus, 
on the 17th March, 1774. 

Another Drawing, which was made with the same 
Telescope, on the 3d April, 1774, shews it as a mere 
Belt. 

In the same vol. at page 20, are two drawings, 
made with a 10 feet Newtonian, which shew the Ring, 
when open, on the 20th June, 1778 — ^and on the 
llth May, 1780, in the same vol. there is also a 
diagram of the 7 Satellites of Saturn. 

In vol. Ixxxiv. is his Account of, and Print of, the 
Quintuple Belt, as it appeared in a 7 feet Newtonian, 
on the llth Nov. 1793. 
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In vol. xcvi.pp. 272 and 465, are his Papers ^' on 
the Singular Bgureofthe Planet Saturn/* and Two 
Engravings of it. 

The Print of this Planet in the Frontispiece to 
this work was made in March 1825, as it appeared 
in my 7 feet Herschel Newtonian, with an aperture 
of 6^^ths inches, and power of 213, and a 5 feet 
Achromatic, of 3-/\^ths inches aperture, and power 
1 90,-7- the body appearing a little smaller in the 
Achromatic than in the Newtonian. 

** In HuYGBNs's System of .Saturn^ 4to, 1669, 
p. 65, is a perspective view of the orbit of the 
Eardi, and the orbit of Saturn, with the Sun in the 
centre of them : at a, b, c, d. Sec i^ exhibited Saturn, 
With his Ring continually paralld to itself, during a 
30 years revolution throu^ his. orbit: at the cor- 
responding capitals A, B, C, D, Sec. are shewn the 
various forms under which the Ring appears to us : 
thus, when- Saturn is in the ascending kiode of the 
Ring at a, he appears round, as at A ; the Ring 
being then not visible : at b, the Ring appears as at 
B ; at c, as at C, 8cc. an ellipsis very narrow at first, 
with the ends of it sharp, but growing continually 
wider, till Saturn arrives at/', a quarter of a circle 
from the ascending node of the Ring, . thei:e the 
ellipsis appears as at F, the widest that it ever can 
be ; and from thence grows gradually narrower, and 
the ends of it, or the afisa, appear sharper and 
sharper, all the way to the descending node of the 
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Ring at i, where the Ring again disappears^ and we 
again view Saturn rounds as at i: from thence^ during 
the other half of Saturn's period, we see the Ring 
appear as an ellipsis wider and wider, till he is 
gotten 90 d^ees from the descending node, where 
it is again at the widest ; and then becomes gradually 
narrower, till its totally disappearing at the ascending 
node at a, \ 

" 1136. It is very easy to see by the figure, that, 
while Saturn is'going through one-half of hia^ orbit 
froifi a, through b, c, d, &c. to i, the Northern or 
upper side of the Ring is illuminated by the sun; 
but in going through the other half, from i tl^ough 
k, I, m. See. to a, the Southern or. lower plane of 
the Ring receives his light : it is evident, also» fix)xn 
the figure, that when the Ring is in either of its 
nodes, the rays of the Sun fall upon the edge thereof; 
and, when near the nodes, jbhey fall upon one of the 
planes Af the Ring with great obliquity, and conse- 
quently thirow very little light thereon ; and that the 
farther the Ring is from, its nodes, the. stronger is the 
light upon it : for it then falls upon it most directly, 
and therefore Saturn then appears brightest to the 
Eye, unassisted with Glasses." — Dr. Long's Astro^ 
tunny, 4to, 1786, pp. 466 — 7. 

The earUest account which I have met with of an 
observation of .tie Division in Saturn* s Ring, is in 
the Phil. Trans, for 1666, by Mr. Wm. and Dr. 
Bauu, on October the 13th, 1665, at 6 o'clock, with a 



SATUBN. 366 

very good Telescope, near 38 feet long, and a double 
Eye-glass. This observation has induced the sup- 
position, that Saturn is surrounded not by ane 
circular body or ring only, but by two.'* 

According to Huy gens' table of the Focal lengths 
and apertures of Reflecting Telescopes, ia Dr. 
Smith's Optics — the Aperture of an Object-glass of 
38 feet focus was 3-^ths inches, and mas^nifying 
power 116 times — a Telescope so long and so largp 
must be bad indeed, if it did not shew the division 
in the Ring pretty plainly. 

See a portrait of Saturn, made with a 60 feet 
Refractor, by Dr. Hook, in vol. i. of PkiL Trtms. 
p. 246. 

There is another made byHuYOENS^ with a 21 
feet, in the 4th vol. of Tramactians for 1669, p. 900~ 
(another by Mr. Hook, in 1670, in vol. v. p. 2083,) 
in vol. yi. p. 3024, and by Mr. Flamstead, p. 3034, 
with a 14 feet Telescope of 1 J inch aperture. 

See a description and a drawing of the Division 
in Saturn* s Ring, as seen by Cassini, with Refractors 
of 36 and 20 feet focus, in PhiL Trans, for 1676, 
vol. xi. p. 690 — the Refracting Telescope of 20 feet 
focus, had an aperture of not quite 2| inches, and 
power of 90. 

'' In the bright part of each ansa, was a darkish 
ellipsis, nearer to the outside than to the inside of 
the Ring, as if it was composed of two rings, near to 
one another." 
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** On the Body of Saturn, besides the Ring on the 
SKnUhside, there appeared on the North-side, a 
zone« not so far from the centre of the Ring, and 
not much unlike the smallest of Jupiter's Belts. 
These appearances were first taken notice of "by 
Mr. Cassmi, in Phil. Trans. No. cxxviii. p. 690 — 
Fig. 19. 

He above are Mr. Pound's Observations with 
the Huygenian Aerial Glass, of 123 feet focus, and 
6 inches aperture, in 1713, in p. 773 of vol. xxx. 
of the Phil. Trans, in which there is a drawing of 
Saturn. 

'' 1132. In the year 1675, after Saturn had 
emerged from the dtm's rays, Sig. Cassini saw him, 
in the morning twilight, with a darkish belt upon his 
globe, parallel to the long axis of his ring, as usual. 
But, what was most remarkable, the broadside of the 
ring was bisected quite round by a dark elliptical 
line, dividing it, as it were, into two rings, of which 
the inner Ring appeared brighter than the Outer one, 
with nearly the like difference in brightness, as be- 
tween that of silver polished and unpolished; which, 
though never observed before, was seen many times 
after, with tubes of 34 and 30 feet; and, more evi- 
dently in the twilight or moonlight, than in a darker 
sky."— Dr. Smith's Optics, 4to, 1738, vol. ii. 
p. 440. 
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• OF THE SATELLITES OF SATURK, 

Sir William Herschel observes, that the visibility* 
of these minute and extremely faint objects, depends 
more on the Penetrating than upon the Magnifying 
power of our Telescopes : and that ** with a 10 feet 
Newtonian, charged with a Magnifying power of 
only 60, Sir W. H. saw all the 6 old Satellites;": 
(see his Obs. on the 19th Dec. 1793— Ih. 66m. in 
the Phil, Trans, vol. Ixxxiv. p. 66,) but the 6th and 
the 7th, which he informs us were discovered, and 
were easily seen with his 40 feet Telescope, and 
were visible in his 20 feet, were not discernible in 
the 7 or the 10 feet, though all that Magnifyir^ 
power can do, may be done as well with the 7 feet as 
with any larger Instrument, 

*' August the 28th, 1789. Having brought the 
40 feet Telescope to the parallel of Saturn, I dis* 
covered a 6th satellite of that planet ; and also saw 
the spots upon Saturn better than I had ever seen 
them before, so that I may date the finishing of the 
40 feet Telescope from that time."-rSir Wm. H.'s 
Paper, in vol. Ixxxv. of the Phil, Trans, 

Speaking of the 7th Satellite of Saturn, Dr. H. 
says, '* Even in my 40 feet Reflector it appears no 
bigger than a very small lucid point. I see it, how-* 

» Seemy Ob$. of them, in p. 348, with a power of 150. 
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ever, also very well in the 20 feet Reflector; to which 
the exquisite figure of the Speculum not a little con- 
tributes." — SeePhil.IVans. vol.lxxx.p. 12,of Dr.H.'s 
account of the Discovery of- a 6th and 7th Satellite 
of the Planet Saturn, and the construction of its 
Ring. 

See on the Satellites of the Planet Saturn, and the 
Rotation of its Ring on an Axis, by Dr. Heb- 
scHEL. — Phil. Trans, for 1790, vol. Ixxx. p. 427. 

With this paper ** is given a scheme, wherein the 
orbits of the Satellites of Saturn are drawn in their 
due proportions. A few words will explain the con- 
struction and use of this figure, which, notwithstand- 
ing its simplicity, is yet amply sufficient to ascer- 
tain the accuracy of every observation.'' p. 429. 

This interesting paper occupies 68 pages. 

Several observers have assured me, that they have 
seen all the 5 old Satellites in a 6 feet Achromatic, 
with an Aperture of S^^ths inches, and a power 
of 60. 

Mr. Butt, of Bath, informed me, that he saw 
them in his 3J feet Achromatic, which has an 
Aperture of 2^yths inches, by placing a patch be- 
fore that part of the field of the Telescope where 
Saturn appeared, and thereby enabling the Pupil of 
the Eye to expand and adjust itself for discerning 
the feinter objects of the Satellites.- 

The minute Stars which accompany some Large 
Stars — ^for instance the very faint star near « Lyne 
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is visible when the large Star is out of the field, with 
a Telescope with which it is not discernible, while 
the briUiance of the large Star is stimulating and 
shutting up the Pupil. 

There is an account of the discovery of Two 
Satellites by Cassini, in vol. vii. p. 6178, of the 
PhiL Tram* with a 17 feet Refractor, made by 
Campani ; and of Two others, in March 1684, by 
Cassini. — See PhiL Trans, for 1686, vol. xvi. pp. 79 
and 83. 

" The Satellites, of Saturn wtre first of all seen in 
March, Anno 1684, by two excellent Object-glasses 
of 100 and IZQfeet ; and afterwards by two others, 
of 90 and 10 feet, all made by Sig. Campani, and 
sent from Rome to the Royal Observatory at Paris, 
by the King's order, after the discovery of the third 
and fifth Satellites, which had been made by others 
of his Glasses of 47 and 34 /ee/. We made use of 
them without Tubes, by a more simple contrivance 
than those proposed either before or since. We 
have since seen all these Satellites with that of 
Z4ifeei, with an aperture of 3^ths inches, and con- 
tinued to observe them with these Glasses of Mr* 
Borelli, of 40 and 10 feet, and by those which Mr, 
Artouquel hath lately made, of 80, 166,' and 220 
feet. It was easy for us to see these two Satellites 
by these different sorts of Glasses, after having found 
the Rules of their Motion, whereby we might, with 
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more particular attention, look upon the places where 
they ought to be."— Sec Phil. Trans, for 1686, 
p. 83. : 

Dr. Derham, in the Preface to his Astro-Theologn, 
says, " r remember that I once verily thoiight I had 
found out 7 Satellites of Saturn, with this very glass 
of Mr. Huygens, so regularly were they placed in 
respect of Saturn. But when I came to examine 
them the following nights, I found that, there were 
really no more than two Satellites, the rest being 
small fixed stars. But Mr. Pound's skill and exact- 
ness in such observations is, I know, so great^ (ai^l 
I may add, that of my sagacious friend. Dr. Halky, 
too, who, I hear, hath seen the same,) that I do not 
say this by way of caution to theni, although it may 
serve as such to many others." : 

SIR WILLIAM HBRSCHEL's OBSERVATIONS ON 

SATURN. 

These are dispersed through many Volumes of 
the PhihsopHical Transactions, and I thought that 
to bring together the more remarkable passage into 
one view, would be an act of industry, which the 
Reader would thank me for. — ^They arie copied in 
Sir Wm.'s own words, and references aUached to 
the Vol. where they are to be found. 
' I liave not arranged them in chronological order— 



SATUEN. 361 

but in that which the concatenation of the subjects 
treated of suggested. 

" There is not, perhaps^ another object in the 
heavens that presents us with such a variety of 
extraordinary phenomena as the planet Saturn: a 
magnificent globe^ encompassed by a stupendous 
double ring : attended by seven satellites : orna- 
mented vrith equatorial belts : compressed at the 
poles : turning upon its axis : mutually eclipsing its 
ring and satellites, and eclipsed by them : the most 
distant of the rings also turning upon its axis, and 
the same taking place with the farthest of the satel- 
lites : all the parts of the system of Saturn occa- 
sionally reflecting light on each other : the rings 
and moons Ruminating the nights of the Saturnian, 
the globe and satellites enlightening the dark parti^ 
of the rings : and the planet and rings throwing 
1back the sun's beams upon the moon's, when they 
are deprived of them at the time of their conjunc- 
tions. 

*' It must be confessed, that a detail of circum^ 
stances like these appears to leave hardly any room 
for addition ; and yet the following observations will 
prove that there is a singularity left, which dis** 
tinguishes the figure of Saturn from that of all the 
other planets." 

" April 12th, 1806. With a new 7 feet mirror of 
extraordinary distinctness, I examined the planet 
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Saturn. The Ring reflects more light than the 
Body; and with a power of 570, the colour of the 
body becomes yellowish, while that of the ring re- 
mains more white. This gives us an opportunity to 
distinguish the ring from the body, in that part 
where it crosses the disk, by means of the difference 
in the colour of the reflected light." 

" Thd Light of the Ring of Saturn is generally 
brighter than that of the Plaiiet. 

'f March 11th, 1780. I tried the power of 222, 
332, 449, successively, and found the light of Saturn 
less intense than that of the Ring ; the colour of the 
Body, with the high powers turning to a kind of 
yellow white, that of the Ring still remained white.''— 
Dr. H. in PAt7. Trans, vol. Ixxx. p. 6. 



<< 



ON THE DOUBLE RING OF SATURN. 



" The plailet Saturn has two concentric rings, of 
unequal dimensions and breadth, situated in one 
plane, which is probably not much inclined to the 
equator of the planet. These rings are at a con- 
siderable distance from each other, the smallest being 
much less in diameter at the outside than the largest 
is at the inside. . 

" The dimensions of the two rings, and the inter- 
mediate space** are nearly in the following proportion 
to each other : — 
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** Inude diameter of the smallest ring. . 5900 parts. 

Outside diameter . . * 7510 

Outside diameter of the largest ring. . 7740 

Outside diameter 8300 

Breadth of the inner ring 805 

Breadth of the outer ring 280 

Breadth of the vacant space 115 



" Admitting, with M. de La Lande, that the 
breadth of the whole ring, as formerly supposed to 
consist of one entire mass, is near one-third of the 
diameter of Saturn, it follows that the vacant space 
between the two rings, according to the above state- 
ment, amounts to near 2513 miles." — Dr. Herschel, 
in Phil, Trans, vol. Ixxxii. pp. 4 and 6. 

In the Phil. Trans., vol. Ixxxii. at pp. 3 and 4, 
we have : — 

'* October 24, 1791. 7 feet Reflector, with a new 
Machine-polished most excellent Speculum, I see 
that the Division in the Ring of Saturn, and the 
open space between the Ring and the Body, are 
equally dark, and of the same colour with the heavens 
about the Planet. 

" 20 feet Reflector, with a power of 600, I can 
trace the Division very nearly as far as the place 
where a perpendicular to the direction of the Ring' 
would divide the open space between the Planet and 
the Ring, into Two equal parts." 
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" The Outer Ring is less bright than ihe Inner* 
Ring, The Inner Ring is very bright close to the 
dividing space ; and at about half its breadth, it 
begins to change colour, gradually growing fainter, 
and just upon the inner edge, it is almost of the 
colour of the dark part of the quintuple belt/' p. 63. 

*' QUINTUPLE BELT. 

" Nov. 11, 1793, 3h. 35m. 7 feet Reflector, 
power 287. 

'* Close to the Ring of Saturn, where it passes 
across the body of the planet, is the shadow of the 
Ring ; very narrow, and black. 

" Immediately south of the shadow is a bright^ 
uniform, and broad belt. 

" Close to this bright belt is a broad darker belt, — 
which is divided by two narrow white streaks ; so 
that by this means it becomes five belts ; namely, 
three dark and two bright ones ; the colour of the 
dark belt is yellowish." — Seethe above, and a Plate 
of the Quintuple Belt, by Dr. Herschel, in PhiL 
Trans, vol. Ixxxiv. p. 28. 

* I differ with Dr. H. respecting the Magnifying power 
necessary to shew the shape of Saturn. — I saw this Sept. IBth^ 
1818, with my Beauclerc 46 Inch — with 130 — perfectly well, 
and made a drawing of it, in which the shape of the body of the 
Planet, with his belts, is very like to that of Dr. H.'s plate, which 
accompanies his Paper, in the PAj7. Tram. vol. xcvi. p. 455. — 
See page 350 of this work. 
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•^OBSERVATIONS ON THE BELTS OF SATURN. 

*^ In the course of these observations, I made 
10 new Object-specula, and 14 small plain ones, 
for my 7 feet Reflector ; having already found, 
that with this instrument I had light sufficient to see 
the belts of Saturn completely tre//;. and that here, 
the maximum of distinctness might be much easier 
obtained, than where large apertures are concerned. 

" I found that the strong light of the 20 feet 
reflector was too great a fatigue for the eye, which 
cannot bear to look at a very luminous object for a 
long time together. For this reason, I chiefly used 
the 7 feet Reflector ; and in future, all the observa- 
tions not expressly marked otherwise, are to be un- 
derstood as having been made with that instrument ; 
bearing an Eye-glass of -^^ths of an inch focal length. 
My Object-specula are generally from 84 to 88 inches 
in focus^ and therefore give a power from 280 to 
293. The favourite one gave 287. I had another 
reason for chiefly confining myself to one instrument 
and one power, which was, that every circumstance 
being as much as possible tiie same, a change in the 
object I viewed might be the sooner perceived." — 
Dr. H, in Phil. Trans, vol. Ixxxiv. p, 51. 

*' ON THE SINGULAR FIGURE OF THE PLANET 

SATURN. 

** The use of various Magnifying powers in ob- 
serviAg minute objects, is not generally understood. 
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A low power, such as 200 or 160*, with which I 
have seen the figure of Saturn, is not sufficient to 
sliew it to one who has not aheady seen it perfectly 
well with an adequate high power; an observer, 
therefore, who has not an instrument that will bear 
a very distinct Magnifying power of 600+, ought not 
to expect to see the outlines of Saturn so sharp and 
well defined, as to have a right conception of its 
figure/' — Phil. Trans, vol. xcvi. p.. 272. 
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" The strongest and most remarkable 

BELTS OF JUPITER 

may be easily seen in an 18 Inch Achromatic] or 
a 1 foot Reflector, witii a Magnifying power 
of 40.— See pp. 33, 68, and 116. 

* This does oot correspond witli the 3d paragraph in p. 279) 
of vol. xcvi. of the Fhil. Trams, in Dr. H.'s preceding paper, on 
the Singular figure of the Planet Saturn. " With 200 I saw the 
difference very plainly, and even vyith 160, it was sufficiently 
visible to admit of no doubt. These low powers shew the figure 
of the planets perfectly well." — See my Obs. with a 30 Inch 
Achromatic in p. 351 of this work; and the note at foot of p. 364. 

f Is there a Telescope in the Universe that will bear a Magni- 
fying Pow«r of 500 for Planetary Observations, so difttinetly as 
oue of 250 1 " Tke Cook'$ Oracle*' declares NO. 
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'' The prineipal belts in Jupiter are equatorial, and 
as we have certain constant winds upon one planet, 
especially neat the equator, that regularly for certain 
periods blow the same way, (see Acta Eruditorum, 
1687, Dr. Halley's Account of the Periodical 
Winds,) it is easily supposed that they may form 
equatorial belts, by gathering together the vapours 
which swim in our atmosphere, and carrying them 
about in the same direction. This will, by analogy, 
account for all the irregularities of Jupiter's revolu- 
tions, deduced from spots on his disk, that may have 
changed their situation." — Dr. Herschel's Obs. on 
Jupiter, 1778, in the Phil. Trans. — and see the Rev. 
F. Wollaston's Paper on Jupiter, with 9 Portraits 
of that Planet, in vol. Ixiii. of the Phil. Trans, p. 75. 

THE MOONS OF JUPITER 

are easily visible in a 1 foot Achromatic Spy-glass, 
with the ordinary Day Eye-tube, which magnifies 
about 16 times — they may be seen with half that 
Magnifying Power, indeed I have heard of people 
who pretended that they could see them with their 
naked Eye — but I believe that they were mistaken. 

The Moons appear larger, and with a defined 
disk like Planets, in proportion as we see them 
through a large and perfect Telescope. 

See in vol. Ixxxvii. of the Phil. Trans, page 332, 
Dr. Herschel's Observations of the changeable 
Brightness of the Satellites of Jupiter, and of the 
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yanation in tbeir apparent Magnitudes ; with a de- 
termination of the time of their rotatory Motion, on 
their Axis. To which is added, a Measure of the 
Diameter of the Second Satellite, and an estimate of 
the comparative size of all Four." 



CHAPTER XX. 

SIR WM. HERSCHEL's DISCOVERIES O^ DOUBLE 
STARS, AND OF THE TELESCOPES, AND POWERS 
PROPER FOR OBSERVING OF THEM. 

Most of tlie modern discoveries in Astronomy have 
been made by Sir William Herschel: — these 
have not arisen so much from the extraordinary 
Magnitude, as from the extraordinary Perfection of 
his Optical Instruments*, and from his incomparable 
Skill and his indefatigable Perseverance as an Ob- 
server. 

Astronomers and Opticians are greatly in- 
debted to Sir Wm. for the time and labour that he 
devoted in making experiments to ascertain the 
povirers of Reflecting Telescopes, which it is pre- 
sumed, that the happy combination of Perseverance 

♦ " It is a Vulgar Error, that the discoveries of Dr. Herschel 
have been occasioned by the enormous Magnifying power of his 
Telescopes; the.fidUit is, that no such large power is necessary or 
useful ; and that all Dr. Herschei's discoveries have been made with 
Reflectors of from 7 to 20 feet, and with powers of from 60 to 300. 
His discoveries are to be attributed to his laudable perseverance, 
and not to the size of his great Telescope." — British Crit, 
Charac. for 1798— 8vo. p. 365. 

r2 
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and Skill of which Sir Wm. had so large a share — 
enabled him to carry to the " ne plus ultra,'^ both 
in perfection and magnitude^ having built a Stupen- 
dous Telescope of the length of 40 Feet — with an 
aperture of A feet i Of the performance of this enor- 
mous Engine I cannot speak, never having seen 
through it: however, for hia perseverance in con- 
structing such a Gigantic Optical Instrument, his 
name must be ever remembered with admiration and 
gratitude, by every Optician and Astronomer. 

Here let me pay the just tribute of well-deserved 
praise to the unparalleled perseverance this inge- 
nious Astronomer has manifested in composing his 
Catalogue of Double Stars, which must for 
ever remain an indelible memorid of the determined 
ardour with which he so successfully pursued his 
favourite Study. 

Dr. Herschel, in] p. 249 of voL kxiii. pf Phil, 
Trans, informs us, that his " First Review of the Stara 
was made with a Newtonian Telescope of not quite 
7 feet focus, and with an aperture of only 4J inches, 
charged with a power of 222. It extended to Stars 
of the 1st, 2d, 3d* and 4th magmtudes/' 

" Of my Secotkd' Review, I have already given 
some account in the PML 2^ii5. vols. Ixxi., Ixxii., 
Ixxiii. This was made with a Telescope of similar 
construction, but much superior to the former, with 
atn Object-metal of 85, 2 inches focus, and 6 J inches 
diameter, and magnifying 227 timea.. It extended 
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to all the Stars in Harris's Maps, and the telescopic 
ones near them, as far as the 8th magnitude. The 
Catahgme of Doubie Stars, which I hare had the 
honour of submitting to the Royal Society, and the 
discovery of the Georgium Sidus, were the result of 
that review." 

'* My T%ird Review was made with the same 
Instrument and aperture, excepting the eye-glass, 
which was changed for one which gave the Tele- 
scope a very distinct magnifying power of 460." 
This, the Doctor says, was much superior to that of 
227, in detecting excessively small stars, and those 
which are very near to large ones. He infbrms us, 
that he ^' had 18 higher magnifiers, which gave him 
a gfadual variety of mi^ntfying powers from 460 to 
6000, in order to puftue particular objects to the full 
extent of my Telescope, whenever a favoui^able inter- 
val of remarkably fine weathor presented me with a 
proper opportunity for making use of them." 

'' This review extended to all the stars in Flam* 
ST scad's Catalogue, together with every sisall star 
about them, as far as the tenth, eleventh, or twelfth 
magnitudes, and occasionally miieh fSeuther, to the 
aanount of a gveat rmssy thousands of stdrs. To 
sdiew the piacticability of what I have here advanced, 
it may be proper to mention, tliiat tiate e<mvenient 
apparatus of my telescope is such, that I have many 
anigbt, ia theeoarse of eleven or twehre hours of 
observation, ceeteftiXiy and singly examined noi less 
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than 400 celeetial objects, besides taking measures 
of angles and positions of some of them with proper 
Micrometers, and sometimes viewing a particular 
Star for half an hour together, with all the various 
powers of my Telescope." 

" The particulars I attended to in this. last review 
were : 1 . The existence of the Star itself, such as it 
is given in the British Catalogue. 

" 2. To observe well whether it was double or 
single, well-defined or hazy. 

" 3. To view and mark down its particular colour, 
whenever the altitude and situation of the Star would 
permit it to be done with certainty. 

*' 4. To examine all the small stars in the neigh- 
bourhood, as far at least as the twelfth magnitude, 
and note the same particulars concerning them, 
except the colours, which would have taken up too 
much time in committing to paper, and be of no 
material use.*' — Dr. Herschel's Paper in the PhiL 
Trans, vol. Ixxxiii. p. 250. 

As Mathematician — Optician — Mechanist — and 
Observer combined, — Dr. H., excepting his prede- 
cessor, Huygens, stands alone in the annals of Op- 
tical and Astronomical Science — indeed, such Tools 
as he worked with could only be made by the man 
who used them, and only be used by the man who 
made them. 

The following is an Account of some of his labours 
in Telescope-making, in his own words. 
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" When I resided at Bath, I had long been ac- 
quainted with the theory of Optics and Mechanics, 
and wanted only that Experience which is so neces- 
sary in the practical part of these Sciences. This I 
acquired by degrees at that place, where, in my 
leisure hours, by way of amusement, I made for myself 
several 2 feet, 5 feet, 7 feet, 10 feet, and 20 feet, 
Newtonian telescopes; besides others of the Gre- 
gorian form, of 8 inches, 12 inches, 18 inches, 
2 feet, 3 feet, 6 feet, and 10 feet focal length. My 
way of doing these instruments at that time, when the 
direct method of giving the figure of any of the conic 
sections to specula was still unknown to me, was, to 
have many mirrors of each sort cast, and to finish 
them all as well as I could ; then to select, by trial, 
the best of them, which I preserved ; the rest were 
put by to be repolished. In this manner I made 
not less than 200, 7 feet ; — 160, 10 feet ; — and about 
80, 20 feet mirrors : not to mention those of the 
Gregorian form, or of the construction of Dr. 
Smith's reflecting microscope, of which I also made 
a great number. 

" My mechanical amusements went hand in hand 
with the optical ones. The number of stands I in- 
vented for these telescopes it would not be easy to 
assign. I contrived and delineated them of diflerent 
forms, and executed the most promising of the 
designs. To these labours we owe my 7 feet New- 
tonian Telescope Stand, which was brought to 
its present convenient construction about 17 years 
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ago/' — From Dr. Herschel's Paper in the Phil. 
Trans, for 1796, vol. Ixxxv. pp. 347 — 8. 

'* In the year 1783, I finished a very good 20 feet 
reflector, with a large aperture, and mounted it upon 
the plan of my present telescope." 

Dr. H.'s Small 20 feet, I believe, had a 12 inch 
speculum — his Large 20 feet, one of 18 J inches in 
diameter. — W. K. 

, SIR WM. UERSCHEL's CATALOGUES OF DOUBLE 

STARS 

have opened a new, an interesting, and extensive 
source of research and contemplation for Astro- 
»omers, and may probably lead to the discovery of 
%he motion of our System through infinite space. 

Those who wish to exiuoftine these Stars, wiH find 
them more readily by the use of Cary^s twelve ot 
twenty^one inch celestial Globe, (on wfeich is laid 
down the whole of l3ie Double Starsr, Cltisters of 
stars. Nebulas, &c. contained in the Astronomical 
Catalogues of the Rev. Mr, WeMasfan, compiled 
from the autjiorities of Flamstead, De td CaUte, Heve- 
Hus, Mayer, Bradky^ Hersckel, emd Maskelyne,) 
thaw bythe aid of any Astronomical Atlas, 8ce. or 
odier helps of that sort. These are sold at Mr. 
(Gary's, Optician, near Norfolk Street, Strand. 

Many ^ these beautifu} and mimrte ofegects are 
visible in Telescopes, which are convenient- to use 
and oaisy to obtain ; a^ ridiculous Vulgar Err6r has 
som^ow or ot^ier obtained, that they can only by 
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dkcovered with unwieldy Instruments of inuneose 
magnitude, and expense -^which^ insteetd of aeting 
as a stimohis to Astronomical pursuits, has had a 
very contrary eflfect, and operated as a sedative to 
further inquiry. 

See Observations of the apparent Distances and Po- 
sitions of 380 Double and Triple Stars, by J. F. 
W. Herschel, Esq., M. A. F.R.S., &c., and 
James South, &c. F.R.S,, 8cc., in the Phil. 
Trans, for 1825, made with a 5 feet and a 7 feet 
Eqiiatorial. 

" The excelkat Object-glass for the Five Feet Te- 
jescope is 3| inches, aperture, was made by the late 
P. and J. Doj^LOKD. The power ordinarily em- 
ployed is 133 ; besides which, powers of 68, 116, 
240, 303, and 381,. were o^easionally used, being 
double ejre-'pifices ; and in soma few cases a single 
lens^ with a power of 578, was employed for the 
purpose of minute scrutiny; The extent of the field' 
with these powers (in their ordsr, beginning with the 
liwest, 68',) was respectively 34', 31', 20^, 19' 13', 
ir,;aad .''—p. 11. 

" The Object-rglass.oftheSBVBN Fe£t Equatonal; 
is the work of Mb. Ti^iiEBY; and may perhapis be 
regarded at ipx^mmt as ikea chfi£>d'c8uvDe o£ that emi- 
^en^ artisL It is five inthes im eleap apertum, and 
ia di&ttnetaisss, utider high Magnifying powers, is- 
pnobably excelljed by no refmctos existing. Proof of 
this will be found in the sepai^tion and measure- 
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ment of the most minute double stars, such as a and 
J? Corona Borealis, in its sharp definition of the 
double ring of Saturn, and various others of the 
most delicate celestieJ objects." 

" Under favourable circumstances, with a power of 
600, the disks of the two stars of % Corona, and of 
c Corona; of ^ Bootis, and ^ Orionis, are shewn 
perfectly round, and as sharply defined as pos- 
sible."— p. 12. 

In No. 26 of the Journal of Science, of the Royal 
Institution, 8vo. 1822— in page 386, the reader will 
find some Astronomical Observations, and 24 Dia- 
grams of Double Stars, laid down from Observations 
made by Mr. J. South, F.R.S,, with an Achromatic 
' Object-glass, made by Mr. Tulley, of 34 inches 
aperture, having Three Convex Surfaces, and 46 
inches focal length, of which Mr. S. says — 

'' An Object-glass, 34 inches in diameter, and of 
46 inches focal length, having been made for me by 
Tulley, from formulae given by Mr. Herschel, 
in a paper published in the Phil. Trans, for 1821, it 
became a matter of much interest to ascertain what 
merit it might possess ; and for this purpose it was 
directed to some of those Double Stars, in which 
proximity or faintness renders one of them difficult 
to be seen, and the accompanying diagrams, Plate V. 
are faithful representations of the results; what, 
therefore, Mr. 'Herschel's theory* told him would be 
good, Mr. Tulley's practice has declared so. The 

* See note at the foot of page 203. 
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magnifying power employed upon the stars was 
about 300/' 

SIR WM. HERSCHEL'S 

OBSERVATIONS ON DOUBLE STARS, COLLECTED 
AND ABRIDGED FROM THE VARIOUS VOLUMES 
OF THE PHIL. TRANS.; COMPRISING ALL HIS 
PRACTICAL REMARKS ON THOSE OBJECTS, 
WHICH ARE UNDERSTANDABLE BY PERSONS 
WHO HAVE NOT MADE OPTICS AND ASTRONOMY 
THEIR PARTICULAR STUDY. 

By the method adopted — ^taking the entire passages 
in the very words of the Author, any possible danger 
of Misrepresenting the genuine sense of his text is 
entirely avoided ; which would have been extremely * 
difficult in the common mode of Abridgment, and 
much interesting information is now brought into 
one view, which heretofore could only be found dis- 
persed through many expensive Volumes — ^which, it 
is hoped, will be as acceptable to the Reader, as the 
similar abridgment I have given of Sir Wm. H.*s 
Observations on Saturn. — ^W. K. 

The First^ Catalogue of Double Stars. By Mr. Her- 
schel, F.R.S. from p. 112 o/* vol. Ixxii. of Phil. 
Trans. 



fS 



Introductory Remarks. — ^The following catalogue 



• Of this Catalogue, Dr. H. observes, " The above catalogue 
contains 269 double stars, 227 of Which, to my present knowledge^ 
have not been noticed by any person." 
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(xmtainB not only double stars^ but ako those that 
are treble, double-double, quadruple, double-treble, 
and multiple. The particulars I have given of them 
are comprehended under the following general heads; 
1. Hie names of the stars and number in Flamstead's 
catalogue ; or, if not contained there, such a descrip- 
tion of their situation as will be found sufficient to 
point them out. 2. The comparative size of the 
stars. On this occasion I have used the terms 
equal, a little unequal, pretty unequal, considerably 
unequal, very unequal, extremely unequal, and ex- 
c^ssively unequal, as expressing the different grada- 
tions to which I have endeavoured to affix always 
the same meaning. 3. The colours of the stars as 
» they appeared to me when I viewed them. Here I 
must remark, that different eyes may pertiaps differ a 
little in their estimations. I have, for instance, 
found, that the little star which is neai* a Hereulis, by 
some to whom I have shewed it has been called 
green, and by others blue. Nor will this appear ex- 
traordinary when we recollect, that there are blues 
and greens which are veiy often, particularly by 
candle-light, mistaken for each other. The situa- 
tion will also affect the colour a little, making a 
white star appear pale red, when the altitude is not 
sufficient to clear it of the vapours. It is difficult to 
find a criterion of the colours of stars, though I 
might in general observe, that Aldebaran appears 
xfiA.9 Lyra white, and so on; but when I call the 
stars garnet, red, pale red, pale rose-colour, white 
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inclining to red^ ^ite iadining to blue, bluish white, 
blue, greenish, green, dusky, I wish rather to refer 
to the double stars themselves, to explain what is 
meant by those terms. 

4. The distances of the stars are given several 
different ways. Those that are estimated by the 
diameter ccm hardly be liable to an error of so much 
as one quarter of a second; but here must be. re- 
membered, what I hare before remarked on the 
comparative appeacaipiGe of the diameter of stars in 
different mstraments. Thooe tiiat tve measured by 
the micrometer, I fear, may be liable to an error of 
almost a whole second; and if not measuced with 
the utmost ci^e, to near 2"» This k,< however, to be 
understood only of single measures; for the distance 
of many of them that have been measured very 
often in the course of 2 years' observations, can 
h»rdly differ so much as half a second from tru^, 
when a proper mean of all iljbe moisures is taken. 
As I always make th^ wires of my micrometer out- 
ward tangents to the apparent diameter of the stars, 
all the measures must be understood to include both 
Uieir diameters; so that we are to deduct the 2 
semi-diameters of the stars, if we would have the dis- 
tance of their centres. What I have said ^ozicems 
only the wire micrometers, for my last new micro- 
meter is of such a construction, that it immediately 
gives the distance of the centres ; and its measures, 
as far as in a few months I have been able to find 
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out, may be relied on to about >^th of a second, 
when a mean of three observations is taken. When 
I have added inaccurate, we may suspect an error of 
3 or 4". Exactly estimated may be taken to be true 
to about ^th part of the whole distance ; but only 
estimated^ or about, &c. is in some respect quite 
undetermined ; for it is hardly to be conceived how 
little we are able to judge of distances, when, by 
constantly changing the powers of the instrument, 
we are as it were left without any guide at all. I 
should not forget to add, that the measure of stars, 
when one is extremely small, must claim a greater 
indulgence than the rest, on account of the difficulty 
of seeing the wires when the field of view cannot be 
sufficiently enlightened. 

6. The angle of position of the stars I have only 
given with regard to the parallel of declinatioii^ to be 
reduced to that vriih the ecliptic as occasion may 
require. The measures always suppose the large 
star to be the standard, and the situation of the 
small one is described accordingly. Thus, in Fig. 12, 
AB represents the apparent diurnal motion of a star 
in the direction of the parallel of declination ab ; 
and the small star is said to be south preceding at 
mn, north preceding at op, south following at qr, 
and north following at st. The measure of these 
angles, I believe, may be relied on to 2^, or at most 
3^, except when mentioned inaccurate, where an 
error amounting to 5° may possibly take place. In 
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many estimations of the angle without any wires at 
all, an error may amount to at least 10^, when the 
Stars are near to each other. 

6. The dates^ when I first perceived the stars to 
be double-treble, &c, are marked in the margin of 
each star. To shorten the work as much as possible, 
I have put l. for the Large, s. for the small star ; 
w.for white; r. for red; d. for dusky; n. for north; 
s. for south. 

Introductory Remarks to Dr. HerscheFs Second 
Catalogue of ^4 more Double Stars, Phil. Trans. 
vol. Ixxv. p. 40. 

" The observer should be furnished with Flam- 
stead's Atlas Coelestis, which must have the stars 
marked from the author's catalogue, by a number 
easily added to every star with pen and ink, as I 
have done to mine. The catalogue should also be 
numbered by an additional column, after that which 
contains the magnitudes. 

'^ I hope, in some future editions of the Atlas, to 
see this method adopted in print, as the advantage 
of it is very considerable, both in referring to the 
catalogue for the place of a star laid down in the 
Atlas, and in finding a star in the latter^ whose 
place is given in the former. 

'* I would recommend a precaution to those who 
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wish to examine the closest of my double stars'. 
It relates to the adjustment of the focus. Supposing 
the telescope and the observer long enough out in 
the open air to have acquired a settled temperature, 
and the night sufficiently clear for the purpose ; let 
the focus of the instrument be re-adjusted with the 
utmost delicacy upon a star known to be single, of 
nearly the same altitude, magnitude, and colour, as 
the star which is to be examined, or upon one star 
above, and another below, the same. Let the phe- 
nomena of the adjusting star be well attended to; 
as, whether it be perfectly round and well-defined, 
or affected with little appendages that frequently 
keep playing about the image of the star, under- 
going small alterations while it passes through the 
field, at other times remaining fixed to it during the 
whole passage. 

" Such deceptions may be detected by turning, or 
unscrewing, the Object-glass or speculum a little in 
its cell, when these appendages will be observed to 
revolve the same way. 

" Being thus acquainted with the imperfections as 
well as perfections of the instrument, and going 
immediately from the adjusting star, which for that 
reason also should be as near as may be to the 
double star which is to be examined, we may hope 
to be successful. 

" The astronomical Mr. Aubert, who did me the 
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honour to fdlow this method with y Leonis, which h^ 
did not find to be double when the telescope was ad«- 
justed by y itself, soon perceived the small star, after 
he had adjusted it upon Regulus. 

" The instrument, being one of Mr. Dollond's 
best 3} feet Achromatics'*^, shewed Mr. Aubert the 

* There is np difficulty in accounting for Mr. Aubert's three 
and a half feet Achromatic dewing the two stars of y Leonis in 
close conjunction, or rather one partly hid behind the other ; for 
be it remembered, until Dr. Herschel published his Catalogues of 
Double Stars, Astronomers confined their observations to the 
Moon and the Planets ; and Telescopes were not finished and ad- 
justed with that nicety that they must be for defining Double Stars 
neatly — ^which, if any old Telescope shews well, it is entirely Irom 
its accidental perfection. 

The Telescope here alluded to was the 46 Inch Achromatic, with 
a triple Object-glass of 3-j(ths diameter, which was the fiyourite 
Working Telescope of Mr. Aubert ; I was surprised at this ac- 
count of its non-performance, and had the curiosity to purchase 
this instrument of 1^. Hodgson, (who bought it at Mr. Auberfs 
sale,) iq order to ascertain what its powers really were^— as Mr. A. 
had Four Telescopes of this size, and this was his fevouirite, and 
produced on all occasions as the Champion of Achromatics, 
I thought that either Mr. A. or Dr. H. must be strangely deceived 
in their opinion of it. 

The following is my observation with this Instrument on March 
the 10th, 1823: ** With 162, that y Leonis was a Double Star, 
was evident to myself, and to a person not much accustomed to 
use a Telescope,'who, without any hint from me, said, * Is not it a 
Double Starr'' 

Conceiving the Object-glass might have got out of Adjustment, 
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two stars y Leonis in very close conjunction, or 
rather one partly hid behind the other. 

'* On comparing these appearances with my ob- 
servations of that double star, we must not be sur- 
prised to find that I place them at a visible distance 
from each other: for the Newtonian Reflectors, on 
the plan of my 7 feet one, as I have found, will give 
a much smaller image of the stars than the 3| feet 
Achromatic refractors ; wherefore, the two stars, 
which, in refractors, as it were, run into each other, 
will in the reflector remain separate. 

'* For this reason also, those who only use such 
refractors must not be disappointed if they cannot 
perceive the 26, 30, 31, 36, 41, 44, 46, 47, 60, 76, 
82, 86, and 87 stars of my first class to be double. 

" All the observations in the following catalogue, 
on the relative magnitude, colour, and position of 
the stars, are to be understood as having been made 
with a 7 feet Newtonian, of 6^^ths inches aperture, 
with a power of 460, unless they are marked other- 
wise. This will account for the difference which 
observers may find in the relative magnitude; for 
should they use only a power of about 200, many of 
the small stars that are said to be very unequal, 

I sent it to Mr. DoUond, who re-adjusted it ; and I have spokeQ 
of its performance in my Observations on Double Stars 
It is right to remark, that the Two Stars of y Leonis are consider- 
ably more separate noW; than they were when Sir W. H. made 
hte above observations. 



BKiflt aippear to them perhaps a xlegree lower in the 
dcide, and become extieinely and excessively un- 
equal ; and this will happen, though the quantity of 
light should be the very same which the Reflector 
has that «erved me to settle these particulans. I 
need not say, tjiat on odier accounts, such as a real 
difference in ^the light of ^he tdescope, the presence 
of lAie moon, twilights, aurora borealls, or other 
causes, many of the sotdl dtars may be foynd to be of 
a^iffa^ent comparative luistre iVom what is assigned 
to them in the datadogue. 

'^ The small ^tar near Rigel, fbr instance, appeal 
^abesiuttfol pale red colour, full, round, and well 
dc^ed, with u^ 20 feet Reflector f the 10 feet in- 
strument shews it also very well in fine evenings ; 
the 7 feet requires more attention, nor is the «mal) 
star defined, ^but of a dusky pale red colour. A 
good 3i feet Achromatic of a large aperture, when 
firge/ is on the meridian, may, perhaps, also shew 
^he small star, aldiough I have not been able to see 
it with a very good instrument of that sort, which 
shews the small star that accompanies the Pole Star; 
but the evening was not very favourable. 

^' The measures of the distances were dl te&en 
with a parallel silk-worm^s thread micrometer, and a 
power of 227 only. They are not, as in the former 
catalogue, with die 4iametefs included, biit from-tiie 
GN^^eefofmie star to Ae ee&tre ^ <he otiier.''--^See 
Phii. Trms.for 1786, vol. Ixxv. p. 46!. 

s 
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'' As soon as I was fully satisfied, that in the in- 
vestigation of -Parallax, the method of Double 
Stars would have many advantages above any 
other, it became necessary to look out for proper 
Stars. This introduced a new series of observations! 
I resolved to examine every star in the Heavens with 
the utmost attention, and a' very high power, that I 
might collect such materials for this research as 
would enable me' to fix my observations on those that 
would best answer my end ; and I cannot help inviting 
every lover of Astronomy to join with me in Observa- 
tions that must inevitably lead to new discoveries: 

'' Ohuse stars that msty be viewed sufficiently high 
to be clear of the vapours that swim near the horizon, 
when consequently we can employ the greatest 
powers our instruments are capable of. From expe- 
rience lean also affirm, that the stars will bear a 
much higher degree of magnifying than other ce- 
lestial objects. Too much has 'hitherto been taken 
for granted in optics: every natural philosopher is 
ready enough to allow the necessity of making expe- 
riments, and tracing out the steps of Nature ; -why 
this method should not be more pursued in the art 
of seeing does not appear. Theories are only to be 
used when proper dataware assigned; but the data 
are carefully to be re-examined, when new improve- 
ments may widely alter the result of former experi- 
ments;. Thus, we are told, thiat we can gain nothing 
by magnifying too much. T gratiit it ;:but shall liever 
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believe I magnify too much, till by experience I find, 
that I can see better with a lower power. Nor is 
even that sufficient : a lower, power may shew, more 
of the object; it may. shew it brighter^ nay/ even 
distincter, and therefore, on the whole better; and 
yet the: greater power may^ in a particular case, be 
preferable : for if the object is so small as not to be 
at all. visible with the lower power/ and I can, by 
magnifying more, obtain a view of it, though neither 
so bright nor distinct as I could wish, is it not 
evident, that here this power is preferable to the 
former? > 

** The naturalist does not think himself obliged to 
account for all the phenomena he may observe ; the 
astronomer and optician may claim the same pri- 
vilege. When we increase the power, we lessen the 
light in the inverse ratio of the square of the power ; 
and telescopes will, in general, discover more small 
stars, the more light they collect; yet with a power 
of 227 I cannot see the small star, near the star fol- 
lowing Aquilae, when, by the same Telescope, it 
appears very plainly with the power of 460 : now, in 
the latter case, the powef being xaore , than double, 
the light is less than the'^urth part of the fcmnec. 
In such particular cases I gwerally suspect my own 
eyes, and have recourse to those of my friends. I 
had the pleasure of shewing this star to Dr. Wat- 
son, junior, who soon discovered the small star, which 
accompanies the other, with the power of 460 ; but 
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saw nodiing of it with 227, though the place where 
to look for it had'i)eeD pointed out to him by lite 
U^ier power^. The expmment has been too often 
repeated to be doubtful, and has also been confirmed 
by others of hearly the same nature: for. instance, 
the smallest of the two that accompany the star near 
k Aquiloi, the small ^ar near ju* Hecculis, and the 
small star near a Lyrse, are invisible with my power 
of 227, but visible with the saitie aperture when the 
power is 460. (See the Obs. xm Double Stars, in 
the preceding woit.) Also the small stara near 
Flamstead's 24th of Aquila, the smaller of 2 near 
<r Coronas, the small star near the star south of 
i Aquilffi, the small star near the second o *Persei, 
the small star near the star which accomjmnies 

* Tbe Small Star, near the F'ole Stair, is easily Visible in my 
5 feet Achromatic, with firom 44 to 1300 — and as wdl with 100 
as with any power. — ^W. K. 

See Pole Star^ Double, 

See an Account of some Observations made to ascertain, 
whether Magnifyimg Power, or Aperture, contributes most 
to' the discerning of Small Stars in the Day, by the Rev. H. 
U^riER, D J), p. 37 of v6l. ii. of '£he Transactions of the Royal 
MikAJcademy. 

'^ Small Stars were more easily visible in the 6 feet Achio- 
matic, wilh an Aperture of 4ftths, with 4 power of 600, than 
with 200." 

I cannot see the Small Star, near « Lyrse, in my ^ |eet Adire- 
matic, with 250 — ^but it b easily visible vnth 350 and 450. — 
W.K. 
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Flamstead^B 10th aub pede et scapula dextxa Tauri^ 
tbe smaU star near ff DiAphini, and the smail star 
ntar the Pole Star, are ell much brighter and 
stronger^ and therefore much sooner aeen with 460, 
tba# with 227. 

" Great power may also/ in particular circum* 
stances, be favourable^ even with an excess of abet- 
cition. When two stars are so close together as to 
make the scale for measuring the distance of their 
centvea too small, if, by magnifying much, we can 
enldJcge that distance, we may gain a considerably 
edviantage, pitovided the centres, or apparent bodies 
of the stars, remain £stinct enough tat the pucpese 
of Aese measures. The appearance of a LyrsB, in my 7 
feet Newtonian Reflector, with a power of 460, is repre- 
srated in fig. 1 ; with 2010, in fig. 2 ; with 3168, iix 
fig. 3 ; and with 6460, in fig. 4. (See p. 4(}0.) Now, in 
all these figvrea, y^e fliee that th^ centres are still dis- 
tinct enough to meaauie their distances with sufficient 
truth ; OK, if any little error should be introduce by 
the magnitude of the central point, it will be more 
than sufficiently balanced by the largeness of the 
stale. Itt this manner^ with a power of 3168, 1 have 
ol^ined a scale of no less than 10 ^ tha inches for 
the distance of the centres of the two stars of « G&- 
mihorum ; ao^d as we knoAi? these centres to be but a 
few seconds distant, it is plain how great an. ad van^ 
tage we gain by sucl) an enlarged scale. 

" These experiments have but uery lately pointed 
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oat to me a method of making a niew micrometer, 
on a construction entirely differeiit from any that are 
now in use, which I have been successful enough to 
put in practice, and by which I have already begun 
to determine the distance of the centres of some of 
the most remarkable double stars to a tery great 
degree of accuracy. 

' '* The powers that may be used on various double 
stars are different, according to their relative magni- 
tudes :' s Bootis, for instance, will not bear th6 same 
power as a Geminorum, nor would it be difficult to 
assign aireason for it; but as I here shall mearety 
confine: myself to facts, it will be sufficient in general 
to mention, tiiat two stats, which are equal, or neariy 
so, will bear a very high power : with a Oemin<^Qm 
I have -gone as far as 3168 ; but with the former 
only to 2010. 

" The difficulty of using high power$ js exceed- 
ingly great ; for the field of view takes in less than 
the diameter of the hair or wire in the finder, and 
the efiect of the earth's diurnal motion is so great, 
that it requires a great deal of practice to find the 
object, and manage the instrument. It appeam to 
me very probable, that the diurnal motion of the 
earth will be the greatest obstacle to our progress in 
magnifying, unless we can introduce a proper mechar 
nism to carry our telescopes in a contrary motion. 

" Though opticians have proved that 2 Eye- 
glasses will give a more correct image than one, I 



DOUBLE STARS. 391 

have always, from experience, persisted in refasing 
the assistance of a 2d glass, which is sure to intro- 
duce errors greater than those we would correct. 
Let us resign the double Eye-glass to those who view 
objects merely for entertainment, and must have an 
exorbitant field of view. To a philosopher this is 
an unpardonable indulgence. I have tried both the 
single and double Eye-glass of equal powers, and 
always found that the Single Eye-glass had much the 
superiority in point of light nnd distinctness. With, 
the double"*^ Eye>-^ass I could not see the belts on 
Saturn, which I very plainly saw with the single 
one. I would, however, except all those cases where 
a bkige field is absdutely neoestraury, and where power 
joined to distinctness is not the sole object of our 
vi0w. t 

*' The application of the different powers of a 
telescope in general is, of some consequence ; and, in 
answer to those who may think I have strained or 
overcharged mine, I must observe, that a single 
gluiee at the subsequent h Draconis, fi Goron^, and 
the star near /^ Bootis, with a power of 460, shewed 
them to me as double stars ; when, in 2 former re- 
views of the Heavens, I had twice set them down in 

* If the only advantage be the trifling increase of Illuminating 
power, that may be obtained by increasing the Aperture of the 
Telescope. — See the Author's Obs^ on Saturn, and Chapter on 
Galilean TektebpeSj and on Single Concave and Convex Lenses. 
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my journal afik sio^e stars^ wbeire I used oidy tb^ 
power of 222 and 227^ and in ail probability slipuM 
never have found them double, hod I not looked mtj^ 
^ higher power. 

'"'We are^ to remeBd>eir> that it ia oafueh eaetea? ^ 
see aa olaject when, it, is. pointed 9Ut to( ms^ thai) Df4i^^ 
it falls in our ws^ ttiiexpe^toi£fy« e^pec;iaUy if of m^ 
a nature a& to require soni€^ att<B|ition to b^ se^ ^ 
all ; but to say no more of other ^dr^M^^g^ of h^h: 
powers, it is evident^ that in thQ iresfwurofc of A^ 
parallax of thor fixed stars ^e^y are absicdut^^ ]»tO««r 
sary/ If we would distinctly peroeireaud mcM^^^^ 
0r estia^te, ^ti^ioely smajl qjuie^ti^s^ s^ck a^ % 
lOth of ^ secfomd^ ii a^e»rs« tbM whe^ w«c u£i% ^ 
power of 460JI, tbi$r lOtb of a ^eeond wlB be opiMue 
in appearance than 46", and even with a pow^Q^ 
150Q will be but 2' 30% which is ^ q«^aitiit]r not 
much moro Utoixk sufficieirt t^ jui^e weU Qf obj^ti^ 
and distinguish them from eiaoh other^ sufch w^ ^ 
circle fr(Hn a square, triangle, or pdygon*. 

'' It has been obscqrved, that objoets be^n^^ vsh 
distinct when the principal opticf pepcii ^ Ae eye 

* << By a set of experiments^ made ia the jrear 1774> I fi^i^ji 
that I could discover or perceive a bright object, such as white 
paper^ against the sky*Ught, when it sybteiwjl^d ap ^mgle of 85"; 
bjat could only di3tinguish it to be a pircle, apd no oth^ figure 
wbefi it appeaired under an angle of 2' 24"," 

+,This has been said — and truly, of the Objects it h^ been 
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}3#(^m^ iMi than the 40th or 50tb part of an inch 
in diftmeter. 

" In the experiments that haire been i[nad^ on tbi« 
^b^^ot, it appears to me^ that the indistii^tne«s 
ivhich is ascribed to the smallness of the optical 
pmcil may be oeving to very different causes: at 
teasit it vail be easy to bring contrary experiments of 
extremely small penmis, not at all affected by this 
iAeoarenisnce ; for instance, it is well known, jthat 
oiiecoscopes, consisting of a single lens or globql^, 
are iremarkable for di^itinetness. We also know 
thai they ham been made so small, as to magnify 
above 10,000 timed*. From this we may infer that 
their apBttuces, and consequently the diameters of 
\h^ optic pcflAcil at the eye, could not exceed the 
2600th part of an inch. I am, therefore, inclined to 
bjeljeve, that ye must iopk Cor distinctness in the 
fffisfection of the .Objecl>spei6ulum or Object-glass of 
a Telescope ; and if we can make the first image in 
the focus of a speculum almost as perfect as the real 
object, what should hinder our magnifying but the 
want of light t? Now, if the object ha^ light suf- 

«aid.o^i. «.-<-a Printed Bill — atid the Planets — which are seldom 
80 rvfisU defined, with a p-eater poiyer ^an is given by reducing 
the Cdametier of an ^ject'-metal into lOths of inches, and mul- 
tiplying tM by 8 or 4 — W. K. 

f " i§ee Patiee Della Torre's Method, &c. Scelta di 
OpnseulL'^ 

f Want of Light is not the Greatest obstacle to the increase of 

s 2 
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ficient^ as the stars most undoubtedly have, 1 see ne 
reason why we should limit the powers of our instru- 
ments by any theory. . Is it not best to have recouiBe 
to experiments to find how far our endeavours to 
raider the first image perfect, have been successfel ? 
*\ If I should mention,, in my list of observatioiis^ 
a few Double Stars that may be found difficult to 
be verified by other Telescopes, I must beg the in* 
dulgence of the observers. I hope it will sufficiently 
appear^ that I have guarded against optical ddu- 
sions ; and every astronomer, I make no doubt, will 
find, by those observations that fall within the com^ 
pads of his instruments, and attention to circum- 
stances necessary to the right management of them, 
that I have had all along truth and reality in view. 

Magnifying Power beyond a certain degree— the great and irre- 
mediable impediment is the Atmosphere of the Earth — Specu- 
lums, Dr. H. informs us, have been worked perfectly good of 10 
inches in Diameter, and the magnifying power given by multi- 
plying their Diameter by 40 — t. e, 400 times, is the maiimnm that 
pan be managed. 

With a Double Eye-tube of the usual construction, magnifying 
350, Spka Virginisy when on the Meridian, passed the field of my 
5 feet AchrcHnatic in 28 seconds — ^in th4 Double Eyepiece, the 
Vision was distinct almost to quite the edge of the field — with tiie 
Single LenSy except in the centre — ^forming at most not more than 
one-third of the field, it was too distorted to be of any use : so 
to keep it in the distinct part of the Field of view of a single 'Eye- 
glass, the Instrument must be kept in almost perpetual moti<m<'— 
W. K, 
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as the sole object of my endeavours ; and therefore, 
he will be inclined to give some credit to what he 
does not immediately perceive, when he finds him-* 
self successful where he takes the proper precautions 
so necessary in delicate observations, even with the 
best instruments. I have been in some doubt in 
what manner to communicate these observations. 
My first view was to have methodised them properly ; 
but I find them so extensive, that there is but little 
probability that one person should be able to bring 
them to a conclusion, for which reason I have now 
resolved to give them, unfinished as they are, that 
every person who is inclined to engage in this pur- 
suit may become a fellow-labourer. 

** In settling the distances of double stars, I have 
occasionally used 2 different ways. Those that are 
extremely near each other may be estimated by the 
eye, in measures of their own apparent diameters. 
For this purpose their distance should not much 
exceed 2 diameters of the larger, as the eye cannot 
so well make a good estimation when the interval 
between them is greater. This method has often the 
preference to that of the micrometer : for instance, 
when the diameter of a small star, perhaps not equal 
to half a second, is double the vacancy between the 
two stars. Here a micrometer ought to measure 
lOths of seconds at.least, otherwise we could not, 
with any degree of confidence, rely on its measures ; 
nay, even then, if the stars are situated in the same 
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pai^el of d^linatipD^ fuid near the equator^ tboii; 
quick motion across the micrometer makes it ex- 
tremely difficult to measure tbem^ ;and in that case 
an estimation by the eye is prefen^le to any otbei; 
measure ; but this requires not a little, practice, pre* 
caption, and time^ and yet with proper care it will 
be found that this method is capable of great esiact- 
nesa. Let 2 «mall circles be drawn* either equal or 
unequal, at a distance not exceeding twice the dia- 
meter of -diB bfger.: let these be shewn to several 
persons in (he same light and point of view. Then» 
if every one ^f them will separately and carefully 
write dowa his estimation of ^e interval between 
them, in the proportion of eitiier of their diamet^^ 
it will ]^ found on a comparison, that thei;« will 
seldom be «o much as a quarter of a diameter dif-. 
ference amoi^ all the estimations. If this agreement 
takes place witli so many different eyes, n\uch more 
may we expect it in the estimations of the same e^e, 
when accustomed to this kind of judgment. 

*' b^ave divided the double stars into severs^ diif-t 
ferent classes. In the first, I have placed aU thes^ 
which require indeed a very euperior t^scope, the 
utmost clearness of air, and every other faro^rabI^ 
circumstance to be seen at aH^ or well enpvgh Iq 
judge of them. They seemed to me on that^^aficouat 
to deserve a separate place, that a^ observer ]^%bt 
not condemn his instrum^ ^)r bis eye, if he aho^ 
not be successful in disti^i^uisluBg them. Ab th^ 



ot]yec(9 pf vis^^ | ^er ^h^^ I shall be b^ppy ta 
bd^ tii^% ]|iy p^enrajtioi^h^ve been veriQed by Qt}^fsr 
persons, which I mal^e no dpubt l^ curious ip astrp* 
Bpixiy will sppp ^pdertake. I sboi^d observe, that 
sjuRce it will require uo cp^^uoIl stretch of power ^nd 
di^tiuctnei^ tp see these double starif, it will, th^e- 
fore, uo( be i^m«8 to go gradually through a fj^W 
prep9i^tory steps of visiopi such a^ the foI)owipg : 
wbeu n CoroiKB9 Borealis, one of tl|e most minute 
double st^rs^ is proposed tp be viewed, let the tele- 
scope be some time before directed to a Geminorun^ $ 
or, if not in view, to either pf t;he following, stws, 
I iVquarii, fjk Draconis, ; Herpujis, » Piscium> or the 
curioys double-double star i L^r^. These should 
be kept in view for ^ considerable tipte^ that the eye 
may acquire the habit of seeji^g #uch objects well 
and distinctly. The observer may next proceed to 
§ Ursae majoris, and t^he beautiful treble star in 
iVJonoceros's right fore-foot ; after these to i Bootis> 
which is a fine miniature of a Oemuiorum, to the 
star preceding a Oricmis, and to n Ononis, By this 
time both the eye and the telescope w;ill be fNrepared 
for a still finer picture, which is « Cpronse jBorealis^ 
It will be in vain to attempt this latter, if all the 
former, at least i Bpotis cannot b^ distinctly per- 
ceived to be fairly separated, because it is almpi^ ks 
fine a miniature oft Bootis a& that is of « Gemino- 
rum. If the observer has. beep si^ccessful in all 
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these, he may then, at the same time, try h Dra* 
conis, though I question whether any power less 
than 4 or 600 will shew it to he double; but all the 
former I have seen very well with 227; 

" To try the stars of unequal magnitudes^ it will 
be expedient to take them in some such order as the 
following: a Herculis, w AurigaB, 3 Oeminorum, 
k Cygni, i Persei, and b Draconis ; from these the 
observer may proceed to a most beautiful object, 
f Bootis, which! have closely attended these 2 years, 
as very proper for the investigation of the parallax of 
the fixed stars. 

*' It appears, from what has been said, that these 
Double stars are a most excellent way of trying a 
Telescope ; and as the foregoing remarks have sug- 
gested the method of seeing how far the power and 
distinctness of our instruments will reach, I shall 
add the way of finding how much light we have. 
The observer may begin with the Pole Star and 
' a Lyrae ; then go to the star south of s Aquilae, the 
treble star near k Aquilae, and last of all to the star 
following Aquike. Now, if his telescope has not 
a great deal of good distinct light, he will not be 
able to see some of the small stars that accompany 
them. 

"lii the 2d class of double stars, I have put all 
those that are proper for estimations by the eye, or 
very ddidate measures of the micrometer* To com- 
pare the distances with the apparent diameters, the 
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power of the tdescope should not be much less than 
200, as they will otherwise be too close for the pur** 
pose. The instrument ought also to be as much as 
possible free from rays that surround a star in com- 
mon telescopes, and should give the apparent dia- 
meters of a double star perfectly round and well- 
defined, with a deep black division between them, 
as in fig. 6, which represents a Geminorum as I have 
often seen it,^in my 7 feet Newtonian, with a power 
of. 460. It will be necessary here to take notice, 
that the estimations made with one telescope cannot 
be applied to those made with another ; nor can the 
estimations made with different .powers, though with 
tfa« same tdescope, be applied to each other. What- 
ever may be the cause of the apparent diameters ^f 
the stfurs, they are certainly not of equal magnitude 
with the same powers in different telescopes, nor of 
proportional magnitude with different powers in the 
same telescope. In my instruments, I have ever 
found less diameter in proportion the higher I was 
able to go in power, and never have I found so small 
a, proportional diameter as when I magnified 6450 
times* ; therefore, if we would wish to compare any 

* ** See the measures of the diameter of • Lynef. Catalogue 
of Double Stars, 5th class/'— -Orig. 



f With 460, the diameter of • Lyrse is -iik of an inch. 
With 2010, |th of an inch. 



wb^tl>8r p. cjHtnge ift the dipjapp? 1}^ t^fepn place, 

With 6450, |th of ^ in(^. 
. The aacwnpanyiog Diagmus ^ew llie Diameters of the Stan 
3» ffSTBt ^y S^ *V. IJ.^rSinly (he qbemttiqM i^}i|C)i at* iixm 
,arpu*d then) by Sir Wm. are omitted here on 9c«iiu9t of the space 
which they would occupy. 

. Sir Wi^iem Hencitfi Diagraau ^ the diameter of > Lyrt, a 
if ^awc4 '^ ^'^ 7 Jf^f '^/^f'^.'^i Wf A "^ aperti^e of 6^ 
inc^ef ; (A« uppp- foare o^ (ae« iiiiiA o pfiuer of 460, J4( 
Kcpnii wiM 2010, fAelAWu>t^A3IGft,aiti'tAe/ourt/iu>itA6130. 



In Sir Wm. U.'s djagrsm of Castor, which was madewi* a 
Newtonian Telescope of 7 feet fbeus, fljth Apert-.ire, and fo*^' 
of 460.— See vol. W\ii. of the Phil. IVonj^he ^f^g*'' .S»r '» 
the twelfth of an inch in diameler—tlie Smaller S^ the WK""'*' 
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it 8]xould be ione with th^ veiy sai^e telesco^ a^d 
pow^r^ even; wit)i the v^ry same eycKglaas oc glasses; 
for othepis, thoughi of aqi9uiL power a^d goodness, 
would n^oBt ]^oba))ly give^ diffeie^t propprtk^ dv^* 
meters^ of tbe^ iitiura. 

. '' In. the 3d Q^asa I have [daced aU those^ double, 
stars that m^ ipore tbtan, $ but I^sq ^aa 15f' aj»t(mder ; 
and for thai repusQUi^ if they should ^ ^s^ for ob- 
&l^i:ii:atif ng oi^ th^ paroj^^ of the^ fii^d stars» they 
QVif^ tOrhe €;on9idered aa quit^ free from the effects^ 
qf refraotio^^ 8^^ I^ ik'^. ^^Bmp^e mis^mer ^^t ^h^ 
stars in the 1st a^d ^d c^l^assea, w^U serv^ to tty thc^ 
goodness of the most capital instruments, these will 
afford objects for telescopes of inferior power, such 
as magnify from 40 to 100 times. The observer may 

an 141(0^1.— rFpi a jparti^f^ accot(^ pf Ga^ioTy 8^ t^e Cktjft?^ on 

In Mr. J. SotTH's diagram of Castor, in No. xxvi. of the 
Journal of Scienccy edited at the Royal Institution, "which was 
drawn with an Achromatic Object-glass, made by Mr. ToUey, of 
3^ inches aperture, having Three convex surfaces, 45 inches 
f<Mal lei^gftj ^ M»gni^pj^ U% ^t«v «^l3WUt $00 txjm^—the 
iqr^^ S(^ i^ti^ 3P^ of af) fnph in d^iameter^ and ^he Smt^r, 
Star the 59th of ^ Inch, and the, dUtance between them i^e 36th 
of an Inch. 

If you wish to estimate the apparent Diameters of Stars — make 
a d<^zen dots on ft paper — ^from the 8th to the 40th of an inch in 
diameter — ^this will astift your Eye in its measurement v^ 

I«UC|l.-«rTW. R. 
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take them in this or the like order : ^ Ursse majoris, 
y Delphini^ y Arietis^ at Bootis^ y Virginis, i Cas- 
siopete, ^ Cygni. And if he can see all these, he 
may pass over into the 2d class, and direct his in- 
strument to some of those that were pointed out as 
objects for the very best telescopes, where I suppose 
he will soon find the want of superior power. 
" " The 4th, 5th, and 6th classes, contain double 
stars that are from 16" to 30", from 30" to 1', and 
from 1' to 2' or more asunder/' — From Dr, Her- 
schbl's Paper on the Parallax of the Jived Stars, in 
the Phil. Trans, for 1782, vol. Ixxii. p. 91, &c. 



Account of some Observations tending to investigate 
the Construction of the Heavens, by Dr. Herschel, 
in Phil. Trans, vol. Ixxiv. p. 437, made " with a 
Telescope of the Newtonian Form, with an Object^ 
Speculum of 20 feet focal length — and its Aperture 
18^h$ inches." 

*^ It maybe expected, that the great advantage of 
a large aperture would be most sensibly perceived 
with all those objects that require much light; such 
as the very small and immensely distant fixed stars, 
the very faint nebulae, the close and compressed 
clusters of stars, and the remote planets. 

*' On applying the telescope to a part of the Via 
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Lactea, I found that it completely resolved the 
whole whitish appearance into small stars, which my 
former telescopes had not light enough to effect. 
The portion of this extensive tract, which it has 
hitherto been convenient for me to observe, is that 
immediately about the hand and club of Orion. The 
glorious multitude of stars, of all possible sizes, that 
presented themselves here to my view, was truly 
astonishing ; but as the dazzling brightness of glit- 
tering stars may easily mislead us so far, as to esti- 
mate their number greater than it really is, I 
endeavoured to ascertain this point by counting 
many fields, snd computing, from a mean of them, 
what a certain given portion of the milky way might 
contain. Among many trials of this sort, I found, 
hst January the 18th, that six fields, promiscuously 
takra, contamed 110, 60, 70, 90^ 70^ and 74 stars 
each. I then tried to pick put the most vacant 
place that was to be found in that neighbourhood, 
and counted 63 stars. A mean of the first six, gives 
79 stars for each field. Hence, by allowing 16 
minutes of a great circle for the diameter of my 
field of view, we gather, that a belt of 15 degrees 
hatg and 2 broad, or the quantity which I have often 
seen pass through the field of my telescope in one 
bourns time, could not well contain less than fifty 
thousand stars, that were large, enough to be dis- 
tinctly numbered. But, besides these, I suspected 
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at least t^i^e, ^ i^9»yt^ i»pre, whfch^ for. want of 

light, t could <»il}^ &^,mn miihm by feint glitter- 

iftg %n4 irtfenrui^i ^fenpsfis/'-rrYoi. IjpUv. pp. 437 
and 8. 

'' In tb^ mast crowdjed j^¥t of! tk« Milky Way, I 
h^ve had fiekk of vi^w iftt^ c^^yt^ined no, h^ than 
5^ stairs— ($^ t^^ Tat)l^ of ©ages, p, 23o)— aod 
th^e vej?e cpn^tinu^ for nmx^y. vfrn^Ui^ m ttot i« 
(^Ite qmrt^r of an hour'^ t^ae th^r^ pami nos Uss thw 

116,090 Sf<?^ r*r<Hif^« «4^j^eW (i: vim of my Teb^ 
^cope. 

" Th« breadth of miy sw^ep ww 3° 26', t<> whifiji 
?ftu^t be added l&' for ii?«o sew-dkmet^a of the 
^Id. Tbe^, puttiAg 161 s: a, thct number of fields 
\Vi 15 mmt%&, of time; 7864=5 6, the pjropQrtion <rf 
^ ijirde to I, it» oiscwiserihed scimune ; fi zr sine of 
74^ 2?', tSb pater jliat^ce of the middle of the sweep 
r^u<jed to the pr^esit tiifte ; and 588 :^ S, the mmr 

bar of stars in a field of view, we have ?!-?—= 1 16076 

Q 

stars."-TT-Dr, He^schel on ihe Construction of the 
Heavens, p. 213 of vol. Ixxv. of t^e Phil. Trans. 
for 1785. 

*^ The SMALL SwBEFEB is a Newtaman Keflectiui, 
of 2 feet focal length ; and, with a^ aperture of 42 
inches, has only a Magnifying powei of 24, and s 
field of view 2° 12'. 

''Iter distinetness is so perfect, that it will shtv 



DOUBLE iSTAlMS. 40& 

letters at a moderate distmce, ivith a magnifying 
power of 2000*'; and its movemeflts we iso -con- 
▼enient, that the eye remaim at rest ivhile the in<- 
stniment mafcee 'a swee}) from the horizon to tbe 

. *' A large one of the same cotiBtniction, has an 
aperture of 92 inches, with a focal length of 5 feeti 
3 inches. c*.. 

" It is also charged low enough for the eye 
to take in the v^le Optic Pencil; and its 
Penetrating Power, with a double Eye-Glass, is 



y 



! ^ '=28,57." — See Dr. Herschel's 

Paper in page 7 lof vol. xc. of Phil. ^ftam. 

- '' To find THE DISTANCE OP TRE TIXBB STA:itS 

has been a problem which nseiny eminent tistratio-' 
mers have attempted to solve; but about w^ich, 
after all, we remain in a great measure b^I in the 
daiic. Various methods have been pursued without 
success, and the result of the finest observations has* 
hardly given us more than a distant approximation, 
from which we may conclude, that the nearest of 
the fixed stars cannot be less than 40 thouMnd dia^'^ 
meters of the whole annual Orbit of the eardi distanii 
from us. Trigonometry, by whose pcwverful assist-' 
ance the mathematician has boldly ascended into Ae 

* This would require an £ye-01ass of less than the SOth of an 
Inch ft>cus. 
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planetary regions, and measured the diameters and 
orbits of the heavenly bodies, for want of a proper 
base, can here be but of little service ; for the whole 
diameter of the annual orbit of the earth is a mere 
point when compared to the immense distance.of the 
stars/' — ^Dr. Herschel, in Phil. Trans, for 1782; 
p. 82. 

End of Sir W. H.*s Observations on Double Stars. 



INTRODUCTORY OBSERVATIONS ON DOUBLE 
STARS, BY DR. KITCHINER. 

The Opinions of some of the Old Authors on the 
Fixed Stara are odd enough, and oddly enough ex- 
pressed. — ^We give the following specimen. 
/ '* The fixed stars, when beheld with a Telescope, 
appear prodigiously small ; and whereas T^c^ Brake 
tells us, that those of the first ms^nitude appear to 
the naked sight about two minutes diameter, they 
appear not unto us, according to Galileo, but .five 
seconds diameter, which is twenty-four times less. 
Tycho Brake m^Aies these stars to be sixty or seventy 
times bigger than the earth; at this time, (m the 
contrary, they are found to be 200 times less than 
the earth." 

" Utrum horum mavis accipe.'* 



€< 



Kepler warns us, that with the telescope the 
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greatness of any fixed star cannot be determined, 
because by how much better the glass is, by so muclt 
the lesser the stars appear*, they are judged to be 
very far from being all of a bigness ; those visible to 
the naked eye are taken to be of six several magni- 
tudes : those of the first rate, are conceived one hundred 
and eight times bigger than the earth ; such are the 
bigger Dog Star,—tlie BulFs Eye, &c, : those of the 
sixth and least rate only eighteen times bigger than 
it. But to come to a perfect and exact knowledge 
of the distance of the heavenly bodies (by miles or 
such known measures,) of their bigness, substance, 
frame, and contexture, is not to be expected; nor 
will any, except madmen, pretend to have made 
such discoveries. There are very few things, which 
truly wise men, will say they thoroughly understand, 
even amongst sublunary bodies. By this ingenious, 
dealing, the reader wilt be able easily to gather what 
kind of belief he is to give to the foregoing calcula- 
tions, or accounts of the distances and magnitudes 
of these bodies. They are mostly but the conjec- 
tures of men very learned, industrious, and knowing 
in this kind. But there is as great a diflference be- 
twixt the knowledge which artists and speculative 
men have of the heavens, stars, and orbs, and that 



* A humourist, to whom I read the above quotation, replied, 
'* Then in a Glass whicli is quite perfect, I suppose ypu cannot 
see any Stars at all !** 
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vfimh tfab XKAnnk^n ^people have, ^ tbere i^ betwixt 
tte^omftH^ .people and \^vhs^' m^^ of th^/' — 

' Man differs more from man, than man from beast.* 

G. CoLMAN, inn. 

YiAe AstroHOfm^^s Advancement, or Newsfcr the Cu^ 
rions, being a Treatise dn Telesecpes ; a)piete contdin'' 
ing \great Curiouties : ddne tmt -ef the frdiK^ by 
Jmeph Walker, London, 1684. * 

Sdtrie sttWrnie Qettiirseis have talked df^mmeasa- 
fabfe Space, and Distances only not Ihfhiite, wth 
ah air of as much coiifidence, as a mail Coachman 
virould tell you the distance bi^tween London and 
Yo^k;— ^Such is flie kind of taHt which I suppose an 
did Medical Author alluded to, when he wrote, — 
'' Some have been talked to T)eaih, which is the 
md^t ^agonistic and tedious way of Ex:piting.'* 

An Arithmetician, who pretends to calculate 
exactly the Distance or the Dimension of a fixed 
Star, deserves about as much attention — ^as u Mad- 
mati telling his dream ; or as Sir Hudibrds, w'heti he 
reckoned that the Sim, and his brethren'the Stars, 
were 

** . rr- i ■ I - — I II J . a piece 

Of red hot iron as big as Greece.'* 

« 

And of the Moon tells, 

** What her diameter to an inch is, 
And proved she was hot made of Cream Cheese." 
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*' Trace Science, then, with Modesty thy guide : 
First strip off all her equipage of Pride ; 
Deduct what is but vanity and dress, 
Or learning's luxury or idleness ; 
. Or tricks, to shew the stretch of human brain. 
Mere curious pleasure, or ingenious pain : 
Then see how little the remaining sum 
Which served the past, and must the time to come.'* 

Pope. 

THE THREE VARIETIES OF DOUBLE STARS 

are those which resemble, 

1st, 7 Andromeda — the Smaller Star of £i Blue 
colour. 

2d, a Geminorum — nearly Equal in Size and colour. 
• 3dly, The Polar Star — extremely Unequal in Size. 

The Three Stars above mentioned may be seen 
in Telescopes of moderate piagnitude, and will 
give you as good an idea of those which are more 
difficult to define, and are only visible in very 
perfect and very large Telescopes, as a Kitten does 
of a Cat : — for instance, 

y Andromeda, in a 30 inch Achromatic, of 2 inches 
aperture, with 80, appears like t Bootis in a fine 
5 feet, with an aperture of 3Jths inches, and power 
of 460. 

^ Geminorum, in a Two feet Achromatic, with a 
power of 100, is like ri Corona in a 7 feet Achro- 
matic,' with 6 inches aperture, and power of 650— 

T 



^ 
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(see Mr. Tulley's account of it in page 296,,where 
the power is misprinted 360, iostead of 660.— (See 
Sir W. H/s Obs. on this Star, in page 397.) — 
6 Lyrid in a good Adiromatic Opeta-glass which 
magnifies 6 times, appears like a Genrinorum. 

The Pole' Star, in a 3 J feet Achromatic, of 2^^th8 
inches aperture, with 80, nearly resembles a Lyra 
in my 6 feet, with 3|ths inches aperture, with 450 ; 
only, with that power, the small Star near a Lyre 
is fainter, and about double the distance from Lyra, 
than the Star which accompanies the Pole Star is 
with a power of 80. 

The 1st and 2d Classes appear to me to be equally 
easily definable in Achromatic, Gregorian, and 
Newtonian Telescopes — and those of the 3d Class 
I have seen most easily in Achromatic and New* 
tonian Telescopes. 

I have seldom see^ the small Star near the Polar 
Star in a Gregorian with less than 5 inches ^;>erture, 
and better with a triple Object-*glass of 3-^ths indieg 
diameter, than in several Gregoriaos of 7 inches 
diameter — the same Observation applies to the small 
Star near RigeL 

, , This failujre of the Gregoriam, I kp^w^ now, was 
4>pc^oned by their not having been fu^s^ed and 
adjusted for observing Double Stars, — which^ as I 
have before noticed, are the most severe testa of the 
defining power of a Telescope. 

The following brief Accoui^ts of Double Stars, 
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• 

wre offered as hintsr to tliose wha are inexperienced 
in Telescopes, what objects they may expect to see 
in Instruments of Tariaus sizes and constraOtions, 
provided they 'are good of the kind. 

No. L 7 Andromeda is visible even in a 1 foot 
Achromatic Telescc^, with 35 ; bat the Blue colour 
of the Smaller of the Two Stam is not plainly re- 
markable with an Achromatic of lesi» than Two, 
or a Gregorian of less than Three, inches aperture, 
and Magnifying power of at least 80.-==- See Obs. 
on 7 Andromeda, at page 435. 

No, 2. a Geminorum is another easy Object, aiid 
inay be perceived to be two Stars with a 1 foot 
Achromatic, with 80 — and seen distinctly separate, 
in a 2 feet, with 100« 

No. 3, 8 i5frtf-*-this quintuple Star> which to the 
naked Eye appears as a Single Star, is to be seen in 
jtti Achromatic Oper^-glass, with a power of 6, or 
with a common finder with a power of 6 or 6 times, 
vwy distinctly as Two Stars. 

, No. 4, a Herculi&~ihB small blue Star is dis- 
cermble in a 30 inch, of 2 inches aperture ; but is 
not well seen with less than 2|ths inches aperture. 
. No. 5. 7 Leonis is visible in a 44 Inch Achro-^ 
jnatic, with 2|ths aperture, with 180— and 270 shews 
it very well. I have seen this very well with 270, 
in a 30 inch Achromatic/ with 2|ths inched aper- 
ture. — See page 443. 
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No. 6. The Polar Star — with any power higher 
than 40, in. Achromatics of 2|ths, , ot , Reflecting 
Telescopes of 4 J inches aperture.-r-See page 446. 

No. 7. Rigel-r-'w a 3| feet Aqhromatic, of 2|ths 
aperture, or a Reflector of 4 J inches aperture — ^with 
any power between 80 and 13Q, — See page 451. 

No. 8. « Bootis is seldom .distinctly defined, with 
an Achromatic, of less aperture than 3|th inches, or 
a Reflector of less than 6 inches, and a power of at 
least 250. — See page 450. 

I have never Seen* the Blue Star so perfectly 
and distinctly detached from the larger Star as I 
could wish, in less than a 46 inch Achromatic, with 
an aperture of S/^^ths inches, and a power of 350, 
and still better in a 5 feet, with an Aperture of 
Sj^i^ths, with, 450— a higher power thaja that I have 
not thought any, ad vantage. 

No. 9. a Lyra — in a 5 feet Achromatic Telescope, 
with 360 and 450, — See page 463. 

The Novice must not always eipect.ta see these 
extremely minute objects to the utmost advantage, 
as I have described themi, a^ seen at favourable 
moments with fine Instruments — even when they 
are near to the.Meridian, and the Illuminating power 
of the Telescope is in due proportion to the-Miigwi- 

♦ See what I mean by the word Seeing, in the 15th line of 
page 415. ' 
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fying power, and the Instrument is Extremely per- 
fect — unless the Air be very clear and' calm, and 
every circumstance be favourable, — Siee the 8 Goods 
requisite, in page 343. 

Such is the capricious and ever-varying state of 
the Atmosphere of this Country, that many Even- 
ings which seem to be extremely fine, and the Stars 
appear brilUant to the naked Eye, are quite unfit for 
Obsiervation, and our best Telescopes will perform 
4>adly. — See Chapter XVIII. of Hints for Choosing 
Telescopes and Observing Celestial Objects: and Sir 
W. H.'s 05s. on the causes which prevent Tele- 
scopes from acting, in page 326 of this work. 

The apparent Diameters, and the Distances of 
Double Stars from each other, vary very much, — 
according to the different states of the Atmo- 
sphere,-^— the Defining, — the Illuminating, —and 
the Magnifying power of the Telescope, and the 
proximity of the Stars to the Meridian. 

The larger the aperture of the Telescope, and the 
more perfect it is, the larger appears the separation, 
and the deeper becomes the tone of the colour of 
Double Stars, — ^this is in fact no more than saying, 
that to see very faint and very small Objects well. 
You must have plenty of Light. — See Dr. Hefschers 
Obs. on Castor, y Leonis, g Bootis, and Jiig€/(p.386), 
and after, my Obs* on those Stars. 

Some small Stars require little Magnifying power 
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Jbut a great deal of distinct light to be perfectly 
seen ; such a one is that which accompanies Bigeh 
which is viBible in a £ne 6 feet Achroniatic, or 
a 7 feet Newtonian, with a power of 100— and 
becomes invisible with 460. The small star near 
«( Lyra is of an opposite quality; it is not risible 
with less than 260, and bef^er with 460,— See Sir 
W. HL's Ob$. thereon, in page 388, 

To see each Double Star to the utmost adraxiiage, 
you must apply to each a peculiar degree of Magni^ 
f3ring and Illuminating power, whidi I shall endea- 
vour to state in the Observations on llie 9 Double 
Stars, at the end of this Cbapto:, 

The Magnitude and Colour'^ of CdesHal Objects 
appear surprisingly different, to different Eyes.-- Tbe 
£ame Evening that, with a power of 180, tiie pboisi; 
Jupiter has appeajred to me to be about an Inch 
in diameter, — a person,- who observed it the next 
minute, has said it looks as big as the Moon;-^ 
another, fancied it about Four inch^ in diameter; — 
and a third thought that it did not appear quite so 
lai^e as a small Pea. 

" It will be necessary here to take notice, liiat the 
estimations made with one Telescope, cannot be 
applied to those made with another. Whatever 
paay be the cause of the apparent diameter of die 

* See the Observations of « Herculis, and Sir Wm. Herschel's 
Jntroductofy Remarks to his First Catalogue of DouMe Stars. 
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Stars, they are certainly not of equal magnitude with 
the same powers in different Telescopes, nor of pK>- 
portional magnitude with different powers in the 
same Telescope/' — Sir Wm. Hebschbl, in yoI. Ixxii. 
of the Phii. TraiM.r-See Obs. on Castor, in the 
Chapter on Double Stars. 

Very few Insteuments are so perfect, that they 
will perform perfectly on AU Double Stars. There 
is idnuoat always, some false light flitting about 
some part of the Image of a Star ; and if a smafi 
Star happeias to be in that part, it is enveloped 
therein, and is 



« 



Invisible or dimly seen.*' 



45ee Obs, on f Boatis. 

I ^ not call it sbbinq a Star Double, when you 
can only, now €uid then, merely imagine that yoa 
"Can perceive (with your mind's eye) a faint glimpse 
of a little flitting ghost of an accompanying Star, 
hopping and skipping about during fits of easy 
transmission — but only, when the apparent dia<* 
meter of each of the Stars is perfectly defined— and 
as perfectly separate, and there is a deep black division 
between them, as they are delineated in Sir Wm. 
H/s Diagram of Castob, in the Frontispiece to 
this work— and see Sir Wm. H.'s 06*. in page 399 
of this Book. 

The Reader must not expect that every Telescope 
which is fitted up for Terrestrial purposes, — will 
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properly carry for Celestial purposes extraordinary 
•high Magnifying Powers, — nothing like it; — there 
are but few Superlative Star Telescopes. 

To bear an uncommonly powerful Eye-glass for 
Celestial purposes,. you must have an uncommonly 
perfect Object-glass, or Object-metal, and the diffi- 
culty of making this, increases as its Magnitude, 
and Magnifying power increases ; and the Instrument 
jnust be adjusted at a Fixed Star, which is a much 
inore elaborate and Eye-teazing operation :than the 
ordinary test of«the^ defining 'power of Day-Tele- 
scopes — i. e. a Printed Paper. , 

If I was an Optician, — I think that I would 

* - ■ 

about as willingly Waltz blindfold and barefoot 
among 9 Red-hot Ploughshares- laid at unequal dis^ 
Jances from each other, as have all my Telescc^es 
tried by that truly troublesome test, a Fixed Star. 

The Planet Jiipiter was, till within the last 30 
,years, considered the grand test of Telescopes for 
Celestial purposes, and when it it near to the Jiferi^ 
dianit is a pretty, severe one. I think that the 
Division in the Ring of 6a/Mr« is a severer criterion 
of defining power than the sharpness of the Disk of 
.Jupiter; but many .Glasses will define a Printed 
Paper, and shew, the P/!anc^s pretty w^U, which will 
not so well define Do w6/e Stars, — -and this merely 
because they were not adjusted at a Star. 

Double Stars were not thought of till the attention 
.pf Astronomen^ was called to them, hy Sir William 
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Herschet publishing his Catalogues in the Phil. 
Trans, for 1782 and 1785 — since that time, the Art 
of making all kinds of Telescopes has been gradually 
improving, and both the Optical and Mechanical 
parts of them, are now, made very much better than 
they were Thirty years ago- 

When a Telescope is perfectly adjusted, — a very 
trifling accident will derange it so as to prevent its 
properly defining a Star, although it may not per- 
ceptibly affect the brightness or distinctness of the 
vision of it with any other object, not even with the 
Planet Jupiter. 

Before You condemn a Telescope, because it does 
not very nicely define a Star,— try it several Even- 
ings with several Eye-pieces, taking care that the 
Objects of your Observation are near to the Meri- 
dian — and let the maker of it {trust it with no other 
Person) examine whether it be in perfect Ad- 
justment. — See Chapter XVIII. of Hints for 
Choosing Telescopes and Observing Celestial Ob" 
jecis. 

Defects in Eye-glasses are seldom suspected^ — (see 
page 317) — ^but however perfect the original power 
of the Object-glass or Speculum may be, it will avail 
little, if one of your Eye-glasses is scratched, or 
veiny, &c., or not quite clean, or they are not exactly 
truly centred to each other, or to the Object-glass. — 
See 7 Rules for the construction of Eye-pieces, in 

T 2 
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p. 212. — Sir Wm. HerseheFs 0\m&mkiion in p. 31 of 
the 9^ti ¥ol. of the PhiL Tram, is perfectly true:*^ 
'^ The best Eyd4ens wiU give the least spurious 
diameter of a Star.'^ 

This is proved by Sir Wm, H/s Observation of 
a Geminorum on the 8th Aprils 1778~(just Three 
days before I was bom») ^^ with 222, the vacancy 
between the twa Stars was a litJde more than 1 dia<- 
meter of the larger Star; with 227, IJ diameter/'— 
See Sir Wm. H.'s Catalogue of Double Stars, in 
the 72d vol. of the'PM. Trans, p. 112, &c. The 
small addition of only 5 times in the Magnifying 
power, could not have produced so great a differ^ice 
in the distances between these stars, without some 
other cause ihtm the mere variation of the Magni- 
fying Power. 

A Fixed Star of the first magnitude is the best 
xjriterion of the degree of perfection of Telescopes ; as 
the least defect in ihe figure, or adjustm^it of 
the metals in > Reflector, or of the object-glass in 
a Refractor, is immediately seen ; the Star not ap- 
pearing round, bat surrounded by fklse Ughts and 
Jittle flitting luminous accompaniments; and when 
You are panting with the expectation of having the 
picture of seeing them Bald and Clean Shaved, 
they will present themselves in Periwigs, or, like a 
Beau of Twoscore Years ago, with Two Curls and 
a Twister. — See page 94. 
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Th« fbUowing very vcdaable and isiccurate observa- 
tions of Dr. Hersohel, I have copied from the second 
part of the Phil. Tram, for 1803, as they are highly 
interesting to all observers of Double Stars. 

" From a number of observations and experiments 
I have made on the subject, it is certain that the ap- 
parent Diameter of a Star, in a reflecting telescope, 
depends chiefly upon the four following circum- 
stances : — the aperture of the mirror with respect to 
its focal length; the distinctness of the mirror; the 
magnifying power ; and the state of the atmosphere 
at the time of observation. 

'* By a contraction of the aperture, we can increase 
the apparent diameter of a star, so as to make it 
resemble a small planetary disk. If distinctness 
should be wanting, it is evideht that the image of 
objects will hot be sharp and well defined, and that 
they will consequently appear larger than they 
ought. The effect of Magnifying power is, to occa- 
sion a relative increase of the vacancy between two 
stars that are very near each other ; but the ratio of 
the increase of the distance is not proportional to 
that of the power, and sooner or later comes to a 
maximum. 

*' The state of the Atmosphere is perhaps the most 
material of the four conditions, as we have it not in 
our power to alter it. The effects of moisture, damp 
air, and haziness, (which have been related in a 
paper where the causes that often prevent the proper 
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action of mirrors were discussed^) shew the reason 
why the apparent distance of a double /star. should 
be affected by a change in the atmosphere^ 

" The alteration in the diameter of Arcturus, ex- 
tending from the first to the last of the ten images 
of that star, in the plate accompanying the abore- 
mentioned paper''^, shews a sufficient cause for an 
increase of the distance of two stars, by a contrac- 
tion of their apparent disks. A skilful obsaryer, 
however, will soon know what state of the air is 
most proper for estimations of this kind, 

" I have occasionally seen the two stars of Castor, 
from one and a half, to two, and two and a half 
diameters asunder ; but in a regular settled tempe- 
rature and clear air, their distance was always th^ 
same. The other three causes which affect these 
estimations, are at our own disposal : an instance of. 
this will be seen in the following trial. I took ten 
different mirrors of seven feet focal length, each 
having an aperture of 6.3 inches, and being charged , 
with an eye-glass which gave the. telescope a magni- 
fying power of 460» With these mirrors, one after 
ajnother, the same evening, I viewed the two stars of 
our double star ; and the result was, that with every 
cme of them the stars were precisely at an equal 
distance from each other. These mirrors were all 
sufficiently good to shew minute double stars well 

» See Fhil. Trms, for 1803, p. 232, Plate cxi. 
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and such a trial will consequently furnish us with a 
pkoper criterion, by which we may ascertain the 
goodness qf our telescope, and the clearness of the 
atmosphere required for these observations. 

'* To those who have not been long in the habit 
of observing double stars, it will be necessary to 
mentipn, that, when first seen, they will appear 
nearer together than after a certain time ; nor is it 
so soon as might be expected, that we see them at 
their greatest distance* I have known it take up 
two or three month^ before the eye was sufficiently 
acquainted with the object to judge with the requisite 
precision/* 

A Star will not appear, in any Telescope, with a 
sharply defined disk, like a Planet, however beauti- 
fully perfect the Instrument is, until the Magni- 
fying Power is in a certain prc^ortion to the Illumi- 
nating Power, — ^to produce such an appear^mce, you 
must either increase the Magnifying, or diminish 
the Illuminating, power of the Telescope, by con- 
tracting its aperture. — See Sir W. H/s Observation 
on Castor, in the Chapter of Double Stars. 

In a good Achromatic of 2 feet focus, and l-/^ths 
inch aperture, and power of 100, I have .seen Castor. 
well defined, like two tiny Jupiters ; but in an equally 
perfect 3^ feet, with an aperture of 2|ths inches, 
it required a power of 180 to give that clean, cir- 
cumscribed, and decided disk to it — but when 
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Mmited to the same aperture as the 2 feet, with the 
same power of 100, it shewed the Star neater than 
the 2 feet shewed it with that power. — See the 
comparison of a 5 feet and 3|, in page 289 of the 
Chapter on Illuminating Pmoer, 

As a general Rule, when you wish a Star to 
uppeaf^ vnth a clean circumscribed disk, like a Planet, 
the pencil of Rays must not be more than the 80th 
of an inch in diameter — that is to say, the powei* 
gireofi by setting down the aperture of the Object- 
glass in tenths of inches, and multiplying that sum 
by 8, or the Speculum of a Reflector by 6 or 6. 



FROM DR. HERSCHEL's EXPERIMENTS FOR AS- 
CERTAINING THE REAL FROM THE SPURIOUS 
DIAMETERS OF CELESTIAL AND TERRESTRIAL 
OBJECTS. 

[PhiL Trans, vol. xcv. p. 31.] 

*' (7.) — ^This shews, that when the aperture of the 
telescope is lessened, it will occasion an increase of 
the spurious diameters, and when increased will 
reduce them. 

*' (8.) — It also shews, that the increase and de- 
crease of the spurious diameters, by an alteration of 
the aperture of the telescope, is not proportional to 
the diameters of the stars. 
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'* (9.)*-Biit Aat this alteration acts more upon 
small spurious diameters, and less upon large ones/' — > 
Phil. Tram. 

" The best eye-lens will give the least spurious 
diameter. — (p. 43.) 

" Oct. 12, 1782. — I tried a new plain speculum, 
made by a very good workman, and found that when 
I viewed « Geminorum with 460, the vacancy be- 
tween the two stars was barely 1} diameter ; but the 
same telescope and power, with my own small spe- 
culum, made the distance 2 diameters, so that the 
figure of this mirror affects the spurious diameters of 
stars. — (p. 44.) 

" 2\st Exp,^ — Measures of the comparative amount 
of the spurious diameters, produced by the inside 
and outside rays. 

** I divided the aperture of the mirror into two 
parts, one from to 4*4, and the other from 4*4 to 
8*8 inches. 

" When I measured the spurious diameter of a 
Globule, the inside rays made it 40 ; with all the 
mirror open it was 31 ; and with the outside rays it 
was 22. 

** (14.) — From this we may conclude, that the dia- 
meters given by the inside rays, by all the mirror 
open, and by the outside rays, are in an arithmetical 
progression ; and that the inside rays will give nearly 
double thi diameter given by the outside. — p. 54. 
'' 23d Exp. — I examined a Geminorum with 410, 
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and with the outside rays the stars were considerably 
unequal, and 1| of the largest asunder. With all 
the mirror open they were more unequal, and IJ 
diameter of the largest. With the inside rays, they 
were very unequal, and l^ths of the largest 
asunder.'* — P. 65 of Dr. Herschel's Paper, of vol. xcv* 
of the Phil. Trans., being '* Experiments for ascer- 
taining how far telescppes will enable us to deter- 
mine very small angles^ and to distinguish the real 
from the spurious diameters of celestial and terres^ 
trial objects,'' &c. &c. 

The following letter from William Walker, 
the Astronomer, to the Author, is an interesting 
communication respecting Double Stars. 



" Manor House, Hayes, Middlesex, 
17th August, 1803. 

" Dear Sir, 

" I this morning received your proof 
of THE Moon, which is very like, and very prettily 
executed. 

" Having, previously to the year 1791, had many 
proofs of the excellence of my achromatic telescope*, 
(which was made by DoUond, and is of 2|ths inches 
aperture, and 44 inches focus,) I was determined, in 
that year, to ascertain whether it would not discover 

* Which was purchased at Mr. Walker's Sale by Henry 
Browne, Esq. F.R.S. 
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to me the minutest objects in the heavens : and on 
4Sept. 9, 1791^ after haying been exposed with the 
instrument near an hour in an open garden with the 
negative power of 180, I readily saw f Boot is double. 
*' On the 11th Sept. i Bootis, and n Corona Bo- 

realis, thus 

*' 25th Sept. I saw them again decisively as above, 
and shewed them to two or three friends, who were 
in the habit of using telescopes to celestial purposes: 
and who readily, without any indication from myself, 
pointed out on which side the small stars were situ- 
ated in these two most delicate and difficult objects. 

" 26th Sept., three satellites of Saturn — the sha- 
dow of the ring on the planet — and a Belt — d Ser- 
pentis, d Herculis — the Pole star — / Boolis, and 

h DriKonis, thus H powers 423, single eye«*gla6s, 

and 180 and 133 negative powers. 

" f Lyra is too distinctly double-double to be 
worthy of notice. 

'' Sept. 30th, 2 in the morning, Rigel thus 

power 133. The star in Monoceros right fore foot 

treble, thus H powers 133, 180, and 423. 

" I think your idea a very good one of shewing the 

comparative appearances, positions, and distances, 

ofthesmaU Double Stars, by the power of 180, in 

A 44 inch Telescope ; and it might be added^ that 
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this wsji merely £Enr ascertatnMent of tk^ir relative 
distaDces : so tfaftt if it was mentioned afterwaprate 
vnth what power each Staor was best seen, any perscm 
aaxieus on the snljject might repeat die experiment. 

" I fear you will find no Micrometer capable of 
measuring the distances of these most faint objects. 

'' I beg my compliments to Mrs. K. and my young 
friend ; and remain, dear Sir, 

" Yours very truly, 

''W. Walkee/' 

To gee the separation between the two Stars of 
•J CorontB, now, requires not only a very perfect l>ut 
a very large Telescope, and most favourable circum- 
fitsmces* 

Many a Star-gazer has bravely turned out on a 
bitter cold night, and stared at ij Ct>rona, till every 
particle of his patience and calorie have been fakly 
frozen out, (and his Eyes have wed &r nxercy,) 
without catching a glimpse of this delicate oljgect. 

In July 1825, I tried to see n Corona with an 
Achromatic of 2|ths inches aperture, made by 
JUr.TuLLEY for Mr. TnoiiiAB Tomkison, which I 
thought as perfect a Telescope as I e^r saw, but it 
would not shew this Star double, nether has any 
Achromatic ev^ shewn it to me double. 

I have heard of several Astronomical Amateurs 
being sufficieiitiy unhappy becaase they caanot see 
lids Star, and liave doubted ^v^iether it was ever 
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visible; thinking the reason they could not see it 
was, (as Puff says in the Critic) because it was not 
in sight. 

Mr. Petbr J>o^LONn, who bad as good aitd as 
well-educated an Eye as perhaps e^er Man had, toM 
me, that about 35 years ago, be saw this star dk** 
thistly double, in Sir William Heeschbl's 7 fecft 
Newtonian Reflector. 

If the Stars have approached each other during 
the last 35 years, in the same degree that the two 
«tars of €a<^or have separated from eadb other. It is 
no wonder they are not now very easily definable, 
and have become almost inseparable. 
. I read the above to the late Mr. Pete a Dol«> 
LQKD, on the 14tii February, 1818, who re{died, 
'* Yes, that is all true enough; I saw it in Bn 
Herschel's 7 feet Newtonian, which had an Aperture 
of 6^ths inches, on the Termce at the Royal Ob- 
8m*vatory at Greenwich." Mr. O. expressed himself 
much pleased with what I read to him. He appeared 
very cheerful, said that '* his Health was good, only 
that his Sight was almost quite worn out in &e 
service of Optics — and that he was then within a 
fortnight of completing his 87th year." 

See Mr. Hebschel and Mr. South'^ Obsarvur 
tions of this Star, in page 376, and Mr. Tulley's 
Letter, in page 296 — ^Mn Mosely's^ in page 146--* 
and Sir Wm. Hessch:bl's particular directions for 
Observing it, in page 397 of this Book. 
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Fat defining Double ^t aus, R^eciing tele^ 
seizes, when made with due care for that especial 
purpose, have a decided advantage over Refracting 
Telescopes, even if the Illuminating and Magnifying 
Power of the two Instruments are equal — in as 
much as the Rejectors give a Smaller Image of a 
Star J — ^See the last paragraph of page 297 — and Sir 
Wm. H/s Obs. in page 384. 

That Reflecting Telescopes are uncertain in their 
fiction — extremely apt to get Out of Adjustment — 
and 2ire soon tarnished and spoilt, are very Vulgan 
JErrors — t. e, unless they are in a Wooden Tube — 
if the Speculum^ are properly fitted in Brass tubes, 
and are kept as carefully from damp air as a Re- 
fractor requires to be, they are as uniform in their 
action as Achromatics are. 

I have had Gregorian Telescopes made by Mr. 
Watson and Messrs. TuUey, in use for 20 years, and 
they are in quite as perfect condition and adjust- 
ment now, as. they were when first finished. — All 
the attention that Reflectors require, is to be ex- 
posed to the air for 15 or 20 tnitiutes before they 
are used — and to be carefully covered up afterwards. 

Many of the Telescopes which I bave heard called 
Out of Adjustment — I know were never in — ^but 
originally bad Instruments which no Adjustment 
could improve. — ^See Note at the foot of page 343. 

The change of the relative Magnitude of the Small 
Stars which accompany Rigel — ^tl\e Pole Star, &c. 



]X)UBL£ STARS. 42d 

as Been with a Telescope of greater or leas Magni- 
tude, arises from the fiunter points of Light be- 
coming more visible, in proportion a:s they are more 
Illuminated by a larger Telescope — ^while the dia- 
meter of the Larger . Star, which had sufficient 
intrinsic brightness to be perfectly visible with an 
aperture of 3 inches, continues the same with an 
aperture of 4 inches, or any larger aperture. 

With an equal. Magnifying power, the small Stars 
near Rigel, and the Pole Star, appear considerably 
larger in my 6 feet Achromatic, with an Aperture of 
S-f^yths Inches, than they do with my 3 J feet, with 
an Aperture of 2^'^ths Inches—- what appeared in 
the 3 J feet as a mere point of Light, atid was only 
visible at intervals — in the 6 feet was constantly 
and . easily seen — (see Obs. on Rigel) — but the 
Large Stars appeared of the same size. This Ob- 
servation is a very happy illustration of, the effect 
of Illuminating Power. 

The Colour of Blue Stars appears stronger as the 
Telescope is larger, and is strongest in Reflecting 
Telescopes. — See pp.-*^? and 458. 

The reader, may depend upon the truth of tfiese 
assertions ; it is not only the opinion of the '^ Cook^s 
Oracle," but was confirmed to me by ati Optician, 
who inade some of the best Telescopes in the world, 
after he had had more than half a Century's expe- 
rience. 

Si^ W^^, Herschel, in his Obs. of i Bootis, in the 
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PhiL Tram. vol. xcr. p. 42^ rektes, that lie sow it 
^' balf ^ diameter of the small Stsd*, distincdy separata 
fiom the larger Star, with his 7 feet Newtoman^ 
when the Aperture was limited ta only 3^ inches, 
power 460/' — See my Obs. of this DoubU Star, with 
a Gregoriati of 4 inches Aperture, in pp^ 297 and 
458ofUii8 Book. 

" The Nemtonian ReJ^iors, im the plan of -my 
7 feet rme, as I have found, will give a much smaller 
image of the Stars than the 46 liich Refracton^*--^ 
Two Stars, which, in Refractors, as it w^e, tun into 
each other, will in the Reflectoi* remain sepaerate."— 
Sir W. H. in PhiL Trans* vol. Ixxv. 

Not One Instrument in Twentif, of any con^ 
sttuction, can be made to give a neat Image of a 
Star with its whole Aperture,— and not IWo o( Them 
will give quite so sharply defined an Image with tiie 
Whole Apertivre as when it is to a certain degtte 
contracted, 

I do not think that any Achromatic of 2|ths 
inches Aperture> and 3^ feet focus, can be made to 
shew Small Stars similar to that, which accopipanies 
lUgel so plainly, — of to give quite so neat an image 
of a large Star with the whole of that Aperture, as a 
fine 5 feet of 3|ths Aperture will when it is limited 
to 2|^hs^^I have never seen one that approximated 
within some degrees of it* 

The more perfect vision in the 6 feet, is partly to 
.be attributed to th^ greater original power of its 
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longer Object^Glass, and to its longer Eye-GlassesH— 
(see page 289) — ^bat what I have asserted is tme 
of Telescopes of equal length ; though the improve- 
ment from contracting the aperture is not in so high 
a ratio. 

'' If the Ap^rtiJire of a Telescope be 5 or 6 inches, 
theiB will be required a piece of Metal 7 or 8 inches 
broad at least, because the figure will scarcely be 
true to the edges/' — See Sir Isaac Nbwtok's 
Letter to the Secretary of the Phil. Tram., Msuroh 
26, 1672, vol. vii. p. 4032. 

It may be supposed that Speculums are now 
worked with more accuracy than when *' the Op- 
tician's Oracle," Sir I. Newton, wrote the above; 
however, I have not yet seen a Reflecting Telescope 
of 7 Inches Aperture, whichi did not define Stai^ 
better when it was contracted in a certain degree : 
but this I attoibute as much to want of liberality in 
the Purchasers, and to want of industry in the 
Makers, as to any ungetoverable obstacle in the 
working of the metals. 

I had im my possession for Two YearsMr. Avbbrt's 
fiEivourite Achromatic, of 3-^ths Aperture, which was 
a brilliant Day-Telescope^ and with it I saw Planets 
very well — ^but could not see Rigel distinctly, until 
its Qbject-Glass was Umited to 2|ths inch^s-r-with 
3-^i^ths the small Star accompanying B,igel was 
enveloped in the false light from the large one ; — 
with 3^|tha inches it was not much better — but 
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with 2|th8 inches, the little Star was distinctly 
and easily visible, and. it exhibited s Bootis — 
7 Leonis, &c. as well as I have seen them in any 
Telescope of 2|th8 inches Aperture. — See Sir W. 
H/s Introductory Remarks to^ his Second Cat. of 
Double Stars — and page 383 of this Book. 

If your Telescope does not define Stars so well as 
you wish — ^make a pasteboard cover for the Object- 
end, with an Aperture of ^^^th of an Inch less than 
that of the Telescope — and if that be too large, 
contract it by lOths till the Image of a Star is neatly 
defined. 

Vefry few persons, however, require Telescopes for 
this purpose. Objects which are so severe a test of 
a Telescope are as severe a trial to the Sight — and 
those who have due regard for their Eyes, forbear 
from straining them- by all needless exertions : and 
the greatest exertion of the Eye I know of, is that of 
trying to see difficult Double Stars with Telescopes 
so small, that they have not enough Illuminating 
power to render the vision easy. 

Of all the inventions for injuring our Eyes that 
fashion and folly have ever invented, none impairs 
them so rapidly and so irreparably as staring at 
Stars which are difficult to see, with Tiny Telescopes 
that it is difficult and generally impossible to see 
them witl>. — See pp. 3, 40, and 216, 

When I was 46 years old, I was indisereet 
enough to employ some hours during several Nights, 
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distinctly defined, without either rings or rays, &c. 
around them. This was in an extremely fine clear 
erening, the air quite still, and the star very near the 
meridian. The Blue colour of the smaller star was 
remarkably bright for so small an aperture — but 
this 30 Inch Achromatic Tdescope would not ex- 
hibit a glimpse of the small Star which accompanies 
Rigel, nor of the. small Star near tie Pole Star. 
It was a remarkably brilliant Day-Telescope, but 
as its Object-glass was over-corrected, it did not 
shew Planets of a good colour. I mention these par- 
ticulars, because I have met with those who have 
diought that if a Telescope would not shew the two 
Stars of s Bootis distinctly, that it could not be 
good on any object, and that if it would, it would 
be excellent on All. 

As this Double Star is so frequently referred to 
as a Test of Telescopes, I have written at large 
upon it. 

I have seen 3 J Telescopes of 2|ths inches Aperture, 
whidx would shew the Pole. Star, but failed entirely 
at Rigel and f Bootis, — See jpage 284. 

I have never seen* but one Telescope of 2^ths 
Aperture, that would distinctly divorce the Blue 
Star, which in the finest Achrbmatics that I have 
seen of such small Aperture, was enveIope4 in the 

* See what I mean by Seeinq in line 15 of page 415. 

X 
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ring of false light which surrounds the Larger 
Star, — the utmost I have ever seen with them, 
was a little tiny white wen on the left side of 
the large Star. — I cannot account for the extreme 
partiality which Opticians seem to have for the 
power of 180 with this Telescope — it is too much 
ibr a Planet, it is too little for a Double Star, for 
which 200 or 220 would be much more effective.— 
See line 6th of page 422. 

These Stars can seldom be satisfactorily sepsurated 
with less than a power of 250, and with that, an 
Object-glass of 2|ths Aperture has not light enough, 
imless it be of 6 feet focus. I see it with my 5 feet 
when limited to 2|ths Aperture ; but the Blue Star 
requires a great deal of good light to shew it well, 
and is much better seen and defined with the whole 
Aperture of S^ths inches, than it is when it is 
contracted, and is best seen with a Single Eye- 
glass. 

This Double Star is seldom seen distinctly with 
an Achromatic 'with a less Aperture than 3|th, or 
with a Gregorian Reflector of less than 6 inches. 

On the 24th liily, 1826, I saw it with my Gre- 
gorian of 4 inches Aperture and 11 inches focus— 
with 166, the small Star, Blue, very sharply defined, 
and distinctly separated from the Lai^er Star — ^and 
also with 260. 

On July the 27th, I shewed the above to Mr. 
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Philip Hardmck, the Architect, who saw it per- 
fectly — ^within ten minutes after, we looked at it 
with my 5 feet Achromatic $ with 180, the small 
Star did not appear so Blue as in the Reflector. 

On July 28th, Mr. Seaman, of Upper Gower 
Sti^eet, and Mr. Tomkison, of RUssell Place, saw 
this — and on the 29th, Mr. Cuthhert, the Optician, 
and my Son, Mr. W. B. Kitchiner. 

I have inserted the names of the Persons who 
observed this, because I have seen some Reflecting 
Telescopes of 4 inches Aperture which were not suf- 
ficiently perfect to perform what I have stated : — 
if it had been seen with only a single Eye on a 
single night, it might have been considered merely 
an optical delusion; and I have made it a rule, in all 
my works, never to present the Reader with merely 
my own simple assertion on any extraordinary point, 
when I could produce also collateral proofs which 
would be entirely convincing: — the Price charged 
by Mr, Watson for such a Gregorian is £33. I2s. — 
See p. 438. 

1808, May 11th.— With the Beauclerc* 46 Inch; 
and with a single convex lens magnifying 700, I 
saw these two stars beautifully distinct; and the 
space between them, I think, could not be less than 
IJ diameter of the larger Star; Mr, ffurtfy, the 
Watchmaker, saw this. 

* For an account of this fine Object-glass, . see page 26 of this 
Book. 
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1811, May 26.— « Bootis, with Beauclerc 46 inch, 
with 350 and 700. Mr. Pierces the Optician, ob- 
served this with me, .and signed his name in my 
Journal. 

1826, July 28th.— With the Beauclerc i^ inch, 
the colour of the Blue Star was evident ; and it wail 
perfectly round, and detached from the larger Star 
with a power of 200. I never saw it so positively 
defined, and so perfectly separated, with so }ow a 
power with any other Telescope. The Rev. T. Husset/ 
observed this with me. 

April 21st, 1824. — With P. DollmcFs 6 feet 
Achromatic, the Stars w^re separated with 180 — the 
colour of the two stars nearly the same — ^the colour 
of the Blue Star visible with 260, stronger with 350, 
and stronger still with 460. 

With this 6 feet, 360, the Blue Star, is seen as dis- 
tinctly separated from the larger Star, as can be de- 
sired — and the field of view being larger, and the objects 
longer passing it than with 460, with wbic.h they 
flit by with very inconvenient rapidity, I have fixed 
360 as the highest useful and agreeable power — 360 
was the highest compound Eye-piece to the 6 feet 
Telescope, which Jesse Ramsden made for Sir George 
Shuckbvrgh, for his Equatorial. — See vol. Ixxxiii. 
of the Phil. Trans, pp 103 and 4, where he says, 
that " 400 seems to be the maximum that this Glass 
will bear; with 600, the image is not so well defined; 
with 200 and 300, it is beautifuUy distinct and 
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bright." — See the Account of this Glass, at page 50 
of this Book. 

f Bootis, in Dr. Herschel and Mr. South's 
Obs. on Double Stars — (see page 204 of the Phil. 
Trans, for 1825) — is thus described, '' Large, Yellow ; 
Small, Bhie Green ^ — a very marked Contrast of 
Cdours." 



SIR WILLIAM HERSCHEL ON « BOOTIS. 

^* This beautiful double Star, on account of the 
different colours of thb Stars of which it is composed, 
hai^ much the appearance of a PlwHet and its Satel- 
lite, both shining with innate but differently coloured 
light. 

** There has been a very gradual change in the 
distance of the two stars ; and the result of more 
than 120 observations, with different powers, is, 
that with the standard magnifier, 460, and the aper* 
ture of 6.3 inches, the vacancy between the two 
stars, in the year 1781, was 1} diameter of the large 
star, and that it now is l|ths. By some earlier 
observations, the vacancy was found to be consider* 
ably less in 1779 and 1780; but the 7 feet mirror 
then in use was not so perfect as it ^ould have been 
for the purpose of such delicate observations. By 
many estimations 6f the apparent size of the stars, I 
have fixed the proportion of the diameter of t to that 
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6(x, as 3 to2. ' August 31, 1780, the first angle of 
the position measured 32° 19' north-preceding; and, 
March 16, 1803, I found it 44° 62^, also north-pre- 
ceding : th& motion, thterefore, in twenty-two years 
sOid two hundred and seven dstys, is 12° 33'. It 
should also be noticed, that while the appai:pnt 
motion of a Geminorum and of y Leonis, is retro- 
grade, that of s Bootis is direct." — See Dr. H.'s 
Paper in^tbe Phil* Trans, for 1803, vol. xciii. 

*' August 20th, 1781.— I saw t Bootis with 460, 
and the vacancy between the tw6 Stars was IJth 
diametier of the large one> I then reduced the 
aperture of the Telescope by a circle of paste- 
board from' 6.3 inches to 3.6, and the vacanicy 
between the Stars became only J diameter of the ^ 
small Star. 

' " The proportion of the diameters of the two Stars 
to eSLch other was also changed considerably ; for 
the small one was now at least fds, if not fths, of 
thelatge one.'' — PhiL Transv YohxcY. p. 42. 

'* The interval between very unequal Stars, esti- 
iliat^d in diameters, generally ^ns more by. an 
increase of magnifying power than the apparent 
distance of those which are nearer of a size. In- 
stances of the former may be found in the first 
class, the 1st, 7, 29> 36, 37, 39, 63, 69, 63, 64, 72d 
Stats; of the latter, the 16th, 28, 33, 46, 46, 73* 
81st Stars. However, this only seems to jtake place* 
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when there is a difficulty of seeing the object well 
with a low power, which being removed by magnify- 
ing more, the distance is, as it were, laid open to 
the view." — Dr. H.-s Note, %t foot of page 61 of 
vol. Ixxv. of the PhiL Trans. 

*l With reg-ard to small Stars, that become visible 
by an increase of Magnifying power, (a Lyroe, for 
instance,) we may surmise, that it is partly owing to 
the greater darkness of the field of view, arising from 
the increased power, and partly to the real effect of 
the power ; for, though the real diameter of a Stai*, 
notwithstanding it be magnified a thousand times, 
should still remain smaller than the minimum visible, 
yet since a Star of the seventh magnitude may be 
seen by the naked eye, we may conclude, that the 
light of a Star subtends incompsurably a larger angle 
than its luminous body; and this may be in such a 
proportion, with very small Stars, that the power of 
the Telescope shall be just sufficient to magnify the 
real diameter so as to bring it within the limits of 
this proportion, whereby the Star will becoQie 
visible." — Dr. H.'s Note at the foot of page 82 of 
the PhiL Trans, for 1786, being vol. Ixxv. 

*' First Catalogue of Double Stars. 

" FIRST CLASS. 

'M.I Bootis. Flamst. 36. Ad dextrum femur in 
perizomate. 
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" Sept^. 9, 1779. Doubk. Very unequal. L 
reddish ; S blue, or rather a faint lilac. A very 
beautiful object. The vacancy, or black division 
between them, with 227, is |ths diameter of S ; 
with 460, IJth diameter of L; with 932, near 2 
diameters of L ; with 1159, still further ; with 2010, 
extremely distinct, 2|ths diameters of L. These 
quantities are a mean of 2 years' observations. 
Position 31° 34' n. preceding." 



a LYRJE. 

June 3, 1824. — The very faint and small Star 
which accompanies « Lyr», is not perceivable 
with, my 5 feet Achromatic, with the Huygenian 
]^ye-piece, which magnifies 250 — \xA is distinetly 
visible with 350, and is seen still more plainly 
with 460, with which it appears about twice the 
distance directly above Tuyra, (with an inverting 
Eye-tube,) that the small Star, near the Polar Star, 
appears to be from the Pole Star with a power of 
80. — I sa\y it most easily when the Large Star had 
left the field, and it was discernible when the Aper- 
ture was contracted to 2|ths ; but I tried to see it 
during the same 10 minutes with a very fine SJ feet 
Achromatic, with ah Aperture of 2|ths inches — and 
could not discern it. — 9e« Mr, MosBfiY^ Observa- 
tion of this Star, in page 146 of this Bool^. 
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The risibility of this Star appears to be of the 
same nature as the small Star of the quintuple Star 
« Lyra, which is hardly visible in an Achromatic of 
2|ths Aperture, with 70 — ^but easily seen with 160, 
and is exactly the reverse of Rigel, which I saw 
best in the 6 feet Achromatic with ISO-^but which 
with 460 was no longer discernible.*^ See Obs. on 
Rigel — and Sir Wm. Herschbl, in vol. Ixxii. of the 
JPiiL Tram. — and in pages 387 and 388 of thi» 
Volume. 

May Gth, 1825, at 10 o'Clock.— The 5 feet Achro- 
matic — ^the small Star not visible with less than 
360 — better with 460 — also with a single convex lent 
of the 22d of an inch focus, which produced a power 
of 1386. 

May 9th, 1826. — Saw die same with the 6 feet — 
tried a very fine 46 Achromatic, which has a treble 
Objectrglasd of 3#ths Aperture, and could not see 
the small Star with 360 — this Telescope shewed 
the small Star, near the Polar Star, with iJiat power 
very plainly. 

SIR WILLIAM HERSCHEL ON a LYR£. 






39. a Lyree, Fl. 3. In testa ful^a. 

Sept. 24. — Double. Excessively unequal. By 
moonlight I could not see the small Star with 278^ 
and saw it with great difficulty with 460 ; but in the 
absence of the-moon I have seen it very well with 

x2 
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227. L fine brilliant w; S dusky. Distance 37'^ 
13'". Position 26° 46' 8. foUowing. 

" Oct. 22. — Having often measured the diameters 
of many of the principal fixed Stars, and having^ 
always found that they measured less and less the* 
more, I magnified, I fixed on this fine Star for taking 
a measure with the highest power I have yet been' 
able' to. apply, and on the largest scale of my new 
micrometer I could conveniently use. With a power 
of 6450, (determined by experiments on a. knowiv 
object at a known distance,) I looked at this Star 
&r at least a quarter of an hour, that the eye might 
adapt itself to the object; having experimentally 
found, that the abberration by this means will appear 
less and less, and, in the Telescope I used on this^ 
occasion, with powers fronl 460 to 1600, will often 
quite vanish, and leave a very "well-defined circular 
di«k for the apparejit diameter of the Stars. The 
diametfir of a Lyra, by this attention, appeared p«*- 
fectly round, and occasionally separated Irom rays 
that were flashing about it. From the very brilliant 
appearance of the Star with this great power, and a 
'pretty accurate rou^ calculation founded on its 
appsurent brightness, when observed with the naked 
eye with 227, with 460, with €450, 1 surmise, that 

• • • - ♦ 

ii^ has light (enough to bear being magnified at least 
a hundred tht)usand ^imes with no more than 6 
inches of aperture, provided we could have such a 
jkwfer, and.othei^ cbnsideratiohs would alldw us to 
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apply it. When I had as good a view as I expected 
to have> I took its diameter with my new micrometer 
on a scale of 8 inches and 4428 ten thousapdth to 
T' of a d^gree^ and found, it subtended an angle of 
0".3553. I had no person at the clock; but suppose 
.tfa^ time of its passing through the field of my Tele- 
seope^ which in this great power is purposely left 
undefined^ and as large as possible^ was, less than 
3 seconds.'' — See Sir Wm. H/s four diagrams of 
a Lyra, in page 400 of this Book. 



THE MAGNIFYING POWERS 

Which I have mentioned in my own Observations, i 
careAilly measured by a Dynameter, made by: Mr. 
Jesse Ramsden, (see page 238,) and a Pearl 
Dynameter, .made by Mr. George Dollond, 
excepting the Deq^ Singh Lenses, and the Powers 
I have stated as produced by them, are those which 
were produced by multiplying the focal length (in 
inches) of the Object-glasses by the focal length. of 
the Lenses, as stated, to me by Mr. Dollond, who 
made them forma. 

I request those who may; repeat any of ibe Ob- 
servations which I have recorded, to read Chap- 
ter XVi. and to ccarefully mcertcdn themselves the 
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actual Magnifying powers of their Instruments, or 
they must not be surprised if tiidy give extremely 
different results from those which I have «et down*— 
a difference of 10 times will -sometimes give quite a 
different vision. — See line 19 of page 166. 
• In the early part ^- my Telescopical pursuits^ I 
was several tim^s stxangely deceived by mistate- 
mentd ofAe Magnifying power of the .Eye-pieces 
of the Instruments I purchasdd-^-^sometimes I found 
a Day Eye-tube of only 40 edled 66-^f course I 
thought that a prodigiously brilliant Glass, which 
appeared as bright with 55 as other Telescopes of 
equal Aperture were with 40. 

I met with Astronomical Eye-tubes, which were 

made to look like, and were called, 180, which did 

.npt magmfy more than I^^t-and then I wondered 

.that the Telescope would not ahew those Double 

Stars which I hiEid seen with 180, 

A PE4KL:DyNAMK.TEB may^ be purchased for 
about 12^.^— the ^p of Pearl is divided into 206Ab 
of an inch. . , 

To measure the Magnifying power, of a Telescope 
is i very easy with this dimple, insttrument;—:sup- 
pose the aperture of its Object-glass, or Object- 
metal, to be Three Inches — adjust it to disttnct 
-vision at a disttmt oibjjectt— then adjust ihe Dyna- 
-meter mo that ybu can distinctly i see the: division 
maiked on the Pearl< — then hold it before, the Eye-* 
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piece of the Telescope, and adjust it till the pencil 
of Rays is distinctly and sharply defined ; observe 
how many divisions it covers, reduce the diameter 
of the Object-glass into 200ths of inches — thus 
calling a 3 Inch O. 6. 600, divide that by the 
number of divisions covered by tiie pencil in the 
Dynameter, which, if the Telescope magnifies 75, 
win be — 



Diameter of Pendl Diameter of 

O. G. 

8 ) 600 ( 76 Magnifying Power. 
56 



40 
40 



FINIS. 



Tbe Author had no sooner seen the little word Finis, 
at the end of the last proof sheet , than he began to 
think, and to fear, that notwithstanding all the 
care he has taken to deserve your praise. Gentle 
Reader, it is, nevertheless, hardly among the pos^ 
sibles, that all may be entirely pleased: and some 
may say, and with no faint voice, " There is not a 
page in this book that is worth a farthing J^ — To such 
he says, " Well, — You shall not pay a farthing for 
it — You shall have his 470 pages for 9s. — «. e. for 
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Ymi& part of what he has paid^ for itf — WeU— 
you may read it in three days — that is in tz^th 
part of the iimef that he has been writing it — 
Well'— then the Author will venture to hope that 
the Reader wUl not think that either his Money of 
his Time have been Hi spent; and that he will be so 
good, as to grant the request made by the Author in 
the Preface to the ** jF«>.5* Part of the Economy of 
the Eyes.'' 

♦ £2,000. t ^0 Yeais. 



That this book has its faults^ no one can doubt,* 
Although the Author could not find them out. 
The faults you find, good Reader, please to mend. 
Your comments to the Author kindly send : 
He will repay you with the honour due — 
Your name, with praise, shall be affixed unto 
Whatever you write, that he has any hope 
May any way improve the Telescope. — 
Well-meant advice, the Author ne'er will sneer at. 
His maxim is, ^^ Palmam qui mebuit fxrat.'' 
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